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ABSTRACT
The thesis consists of three essays on the macroeconomic
theory of flexible exchange rates and two essays on the micro-
economic theory of international investment under flexible ex-
change rates. The common theme of these essays is the view of
the exchange rate as a relative price of monies, determined -- in
the same way as interest rates and equity prices -- to clear the
markets for financial assets. This is in contrast to the tradi-
tional approach which views the exchange rate as the price that
equilibrates the flow demands for and supplies of foreign exchange.
Chapter I develops a monetary approach to the theory of flex-
ible exchange rates extending the recent work of several authors
on the monetary approach to balance of payments under fixed ex-
change rates. The paper goes beyond the existing literature by
analyzing the dynamic interaction between the exchange rate, ex-
change rate expectations, and the balance of payments under alter-
native assumptions about the formation of exchange rate expecta-
tions. The problem of stability of the balance of payments
adjustment process and of the exchange rate is reformulated, and
analyzed in detail, in terms of the stability of relative asset
prices and portfolio proportions. Particular emphasis is focused
on the case of perfect foresight. It is shown that if speculators
have long run foresight and if they rule out explosive price paths
the short run effects of various disturbances on the momentary
equilibrium values of the exchange rate and the balance of pay-
ments, as well as on the adjustment path, can be inferred from
the long run, stationary state effects. The paper also compares
the new approach with the traditional flow model of flexible ex-
change rates. It is shown that the traditional theory -- the
way it is formulated in the literature -- is logically incorrect.
The implications of this error are examined in some detail.
Chapter II extends the theory developed in Chapter I by
analyzing explicitly the interaction between the commodity mar-
kets and the asset markets in the short run and long run deter-
mination of the exchange rate in the context of a simple model of
an open economy producing traded and non-traded goods. The paper
integrates the traditional theory of flexible exchange rates --
concerned with relative price elasticities -- with the asset
market view advanced in this thesis. A restriction on the rela-
tive price elasticity of the excess demand for non-traded goods
is shown to be a necessary but not a sufficient condition for the
stability of the exchange rate. In addition, dynamic stability
of the exchange rate depends on the nature of expectations and
the strength of asset substitution effects. The paper also clari-
fies the difference between the conditions for a successful deval-
uation and the conditions for the stability of a market-determined
exchange rate, showing that the former does not imply the latter.
Chapter III reformulates the theory of the effects of fiscal
and monetary policies under flexible exchange rates. The differ-
ences between the traditional theory and the monetary approach
developed in this thesis regarding the monetary transmission mech-
anism are analyzed in detail. Particular emphasis is focused on
the differences between the short run and long run effects of
various policies, and the role of long run speculative expecta-
tions in bridging the gap between the two.
Chapter IV develops a general equilibrium model of the inter-
national money and capital markets under flexible exchange rates.
The purpose of this paper is to identify, in a testable form, the
factors that explain differences in equilibrium interest rates
and equity returns in different countries. The paper extends the
previous analysis of Solnik (1974) by explicitly introducing money
and by analyzing the effects of monetary policy on the 'beta co-
efficients' in the equilibrium interest rate relationships. In
addition, the paper differs from the previous literature by assum-
ing that the exchange rates satisfy the purchasing power parity
equation and by analyzing the role of international investment as
a means of reducing the purchasing power risk of nominal assets.
It is shown that differences in nominal interest rates depend on
the differences in the expected rates of inflation and on the
variances and covariances of inflation rates. It is also shown
that the expectations hypothesis is not in general valid. Interest
rate differentials contain a currency premium which depends on the
composition of asset supplies and can, therefore, be changed by
monetary policy.
Chapter V develops a rigorous model of the forward exchange
market in order to explain, in a testable form, discrepancies
from the interest rate parity equation under flexible and fixed
(but adjustable) exchange rates. The model differs from the pre-
vious contributions by dropping the assumption that domestic bonds
are safe and foreign bonds are risky and by introducing a risk of
default as an explicit rationale for a less than infinitely
elastic covered arbitrage schedule. It is shown that the equili-
brium forward premium is a nonlinear function of the interest
rate parity, the expected change in the exchange rate, the
variance of the exchange rate, the political risks of default,
and the extent of forward market intervention; as well as the
distribution of wealth amongst investors. The implications of
the model for a number of issues discussed in the forward market
literature are examined in detail.
Thesis Supervisor: Stanley Fischer
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Chapter I
THE EXCHANGE RATE AND THE BALANCE OF PAYMENTS IN THE
SHORT RUN AND IN THE LONG RUN:
A MONETARY APPROACH
I. Introduction
This chapter develops a monetary approach to the theory of
flexible exchange rates. The model is an extension to the regime
of flexible exchange rates of the monetary model of balance of
payments and devaluation developed by Johnson (1958, 1973, 1975),
Mundell (1968, 1971), Dornbusch (1973, 1974), Frenkel (1971),
Frenkel and Rodriguez (1975), Kemp (1968), Krueger (1974), Negishi
(1968), Mussa (1974), Pearce (1961), Polak (1958), Prais (1960),
and others. The paper also combines this strand of literature
with the portfolio balance models of McKinnon and Oates (1966)
and McKinnon (1969).2
The paper goes beyond the literature by analyzing the dynamic
interaction between'the exchange rate, exchange rate expectations,
and the balance of payments under the regime of a freely floating
exchange rate and under alternative assumptions about the forma-
tion of expectations. It is shown that an automatic adjustment
mechanism -- similar to the Hume specie flow mechanism -- is at
work under flexible exchange rates. The essence of this adjust-
ment mechanism is the change in wealth implied by current account
surpluses and deficits. If the economy is stable it will converge
to a stationary state (we assume, for simplicity, no real growth)
in which the stock of wealth and its composition is constant and
the current account balance is equal to zero. This corresponds to
the full equilibrium, or portfolio balance equilibrium analyzed by
McKinnon and Oates (1966). The dynamic stability of the exchange
rate and of the balance of payments is shown to depend critically
on the magnitude of asset substitution effects and the speed with
which exchange rate expectations are revised. No role is given to
relative price elasticities in contrast to the traditional models
of flexible exchange rates exemplified by J. Robinson's (1948)
classic article on the foreign exchanges, although the potential
importance of the 'elasticities conditions' for exchange rate
stability is indicated.
Another contribution of this paper is the treatment of the
dynamic adjustment path, and the link between the short run momentary
equilibrium and the long run stationary state. There is a gap in
the literature between the portfolio balance, stationary state
models, and the short run models which take the asset supplies and
expectations as given. In general, the short run impact of poli-
cies can be quite different from the long run impact depending on
the nature of expectations. It is shown in this paper that this
dilemma can be resolved by assuming that expectations are rational.
In that case, the long run impact on the exchange rate and asset
supplies correctly predicts the short run impact on the exchange
rate and the balance of payments.
The paper also compares the monetary approach to flexible
exhange rates with the traditional 'flow model' of the foreign
exchange market, which underlies practically all theoretical and
empirical work on flexible exchange rates. This flow model is
shown to be logically incorrect for two reasons. First, in gen-
eral, the balance of payments flow account is no more than an ex-
post identity which in no sense can be interpreted as an ex-ante
equilibrium condition. In the case of perfect foresight the actual
flow of capital is equal to the desired flow, but in that case the
balance of payments flow account is shown to determine the change
in the exchange rate, not the exchange rate itself.
The plan of this paper is as follows. Section II develops
the concept of a momentary equilibrium and analyzes the short run
effects of various shifts on the current account and the exchange
rate with given exchange rate expectations. This section also com-
pares the stock model of the exchange rate with the flow model.
Section III analyzes the long run effects of the same shifts on
the stationary state in which the current account is in balance,
asset supplies constant, and exchange rate expectations correct.
Section IV analyzes the dynamic stability of the exchange rate and
the balance of payments under alternative assumptions about the
formation of expectations. By dynamic stability, we mean the con-
vergence of the sequence of momentary equilibria to the stationary
state. Section V analyzes the dynamic response of the exchange
rate and the balance of payments to various shocks, thereby con-
necting the short run analysis of Section II with the stationary
state analysis of Section III. The concluding part discusses the
importance of the new approach as well as the limitations and
needed extensions of the model developed in this paper.
II. Momentary Equilibrium
In this section we develop the concept of a momentary equili-
brium and analyze the short run effects of various shocks on the
exchange rate and on the balance of payments. To simplify the
analysis, we assume that the economy produces only traded goods
the relative price of which is fixed in the world market. We also
assume that the world price level is constant and equal to one so
that the domestic price level and the rate of exchange are the
same thing. Labor is the only factor of production and it is fully
employed. Domestic output (Y) is therefore constant. Domestic
absorption is equal to the sum of private consumption (C) and gov-
ernment expenditure (G). Private consumption is a function of real
disposable labor income (Y-T) and the stock of real financial wealth
(A) in accordance with Modigliani's life cycle model of consump-
tion.2 The excess of domestic output over domestic absorption
equals the trade account surplus: 3
1. B = Y - C (Y - T, A) - G
The stock of financial wealth consists of domestic money (M)
and foreign assets (F):
2. A= + FP
The demand for real balances is a function of the expected
rate of inflation (exchange rate depreciation), r, the level of
real income and the stock of wealth. Since we assume that for-
eigners do not hold domestic paper currency, in equilibrium the
domestic demand for money equals the supply of money:
M M3. p L(T, Y, A) = MP P
The other equilibrium condition is that the demand for for-
eign assets equals the stock of foreign assets:
4. Fd = F(r, Y, A) = F
Because of the wealth constraint only one of equations (3)
and (4) is independent. Substituting the definition of real wealth
in equation (3) we obtain the equilibrium condition for the asset
markets:
M M
5. L(f, YI + F) =
Given the expected rate of depreciation (I), the stock of
foreign assets (F) and the nominal supply of money (M), this con-
dition of equilibrium in the asset markets determines the exchange
rate. Equally well we could say that the exchange rate is deter-
mined to equilibrate the demand for foreign assets with the exist-
ing stock of foreign assets. 4
We may solve equations (5) and (3) for the reduced form real
balance and wealth equations:
6.1 M = = H(Tr, Y, F)
P (-) (+) (+)
6.2 A = A(r, Y, F)(-) (+) (+)
An increase in the expected rate of depreciation reduces the
stock of real balances and hence the real value of financial wealth
by causing the exchange rate to depreciate.
In order to complete the model we need to introduce the govern-
ment budget equation and the behaviour of the money supply. For
convenience, we assume that the Central Bank acquires all government
debt, and does not intervene continuously in the foreign exchange
market. Therefore, the nominal budget deficit is equal to the
6change in the supply of money. The government can independently
determine only two of the variables under its control: real tax
revenue (T), real expenditure (G), and the change in the money
stock ( ). We assume that it fixes the rate of change in the nom-
inal money stock (m) and the real tax revenue, and adjusts real
expenditure accordingly. This gives us the government expenditure
function:
7. G = T + m-
An increase in the price level reduces the real value of new
debt issue and hence government expenditure. Substituting equation
(9) into equation (8) together with the definition of real wealth
we obtain the capital flow equation:
M M8. F = B = Y - C(Y - T, p + F) - T - m- = B(Y, T, F, '7, M)C+) C(-) (-)(+) (-)
We assume that the rate of interest on foreign assets is equal to
zero.
The last expression is the reduced form current account (cap-
ital flow) equation, obtained by substituting the reduced form real
balance equation in place of H. An increase in real income in-
creases the current account surplus as long as the marginal propen-
sity to consume out of income -- after allowing for the effect of
income on the real value of financial wealth -- is less than one.
We assume this to be the case. A tax financed increase in govern-
ment expenditure reduces the current account surplus, as long as
the private propensity to consume is less than one. An increase
in the stock of foreign assets increases consumption and hence re-
duces the current account surplus. An increase in the expected
rate of depreciation reduces the real value of financial wealth
and hence improves the current account. An increase in the rate
of growth of the money stock increases government expenditure and
hence reduces the current account surplus.
Equations (5) and (8) constitute the temporary equilibrium
model. Equations (6.1 and 6.2) and the right hand side of equa-
tion (8) define the endogeneous variables as functions of the cur-
rent stocks of assets and expectations regarding the future.
a. The Error in the Traditional Model of
the Foreign Exchange Market
The traditional flow models of the foreign exchange market
start from equation (4) to obtain the desired flow of capital:
9. dF =F + F A7F A
The first term represents the stock shift induced by the change in
the expected rate of depreciation. The second term is the flow
component of capital movements representing the proportion of ex-
pected new savings allocated to foreign assets.5 The error that
is invariably made in the literature is to substitute the desired
change in the stock of foreign assets for the actual change in
the ex-post balance of payments identity:6
10. B = Y - C(Y - T, A) - G = F = Fd = Fn 7 + FA A e
The error in this procedure is in assuming that the actual change
in the stock of foreign assets is equal to the desired change in
the stock of foreign assets. This is not, in general, the case
because the change in the desired stock depends on expected changes
in the stock of wealth and in the rate of depreciation. It is
only if these expectations are always correct, i.e., there is per-
fect foresight that the two are equal.7 The correct way to inte-
grate the capital account and the current account is to say that
the current account determines the capital account:
10. F = B = Y - C (Y - T, A) - G
Simplifying somewhat, the correct reasoning is: the stock of
foreign assets determines, ceteris paribus, the exchange rate, the
exchange rate determines the current account, and the current ac-
count determines the change in the stock of foreign assets. Simi-
larly, the response pattern to an increasing desire to lend abroad
(cf. Robinson (1949), Section II) is: a depreciation of the ex-
change rate, a current account surplus and hence an outflow of
capital. This sequence is invariably and incorrectly reversed in
the literature: an increase in the desire to lend abroad causes
an outflow of capital, a depreciation of the exchange rate and a
current account surplus. This question will be examined in more
detail below.
If expectations are correct so that the actual capital outflow
is equal to the desired outflow,equation (8) is a valid equilibrium
condition between changes in the endogeneous variables. It does
not, however, determine the exchange rate but rather the change in
the exchange rate. To see why this must be the case, observe that
the current account deficit B can be written as:
11. B = Y - C(Y - T, A) - G = Y - C - T + T - G = i + ( - m) P
where we have used the household and government budget constraints.
Substituting this in equation (10) and using the fact that F equals
minus L and FA equals I-LA because of the wealth constraint, we
can rewrite the balance of payments 'flow equilibrium' condition
as:
12. L + L A = (m- ) = ( )7t A P
But this equation is nothing more than the stock equilibrium condi-
tion (5) differentiated with respect to time. It determines the
change in the exchange rate given M, F, P, 7, and changes in M, F,
and i. The change in F is, of course, the current account balance.
Even if equation (10) is correct, it is not very useful since it
contains two endogeneous variables, P and F.
A further confusion in the literature arises from the unfor-
tunate practice of assuming that the capital account is determined
largely independently of the exchange rate -- except possibly for
speculative movements of capital. This is probably a major reason
why there is so much concern for import and export price elastici-
ties in the literature. In our model, the assumption that the
capital account is somehow independently determined of the exchange
rate and the trade account is, of course, totally unfounded.
b. The Determination of the Exchange Rate and
the Balance of Payments in the Short Run
The short run determination of the exchange rate and the cur-
rent account is illustrated by diagram I. The MM curve implies
equilibrium in the asset markets. The DD curve (defined by equa-
tion (10)) gives domestic absorption as a function of the exchange
rate. If the initial stock of foreign assets held by the private
sector is F , the momentary equilibrium value of the exchange rate
is P . At that exchange rate, domestic absorption equals P B
Diagram I
The Short Run Determination of the
Exchange Rate and the Current Account
Domestic absorption
and supply
Stock of
foreign
assets
which is less than domestic output so that the current account is
in surplus. Therefore, the economy will not stay in this moment-
ary equilibrium position: with static expectations the economy
moves to the right along the MM schedule. In consequence, the ex-
change rate appreciates, which, together with the increasing stock
of foreign assets, increases domestic absorption until stationary
state equilibrium is reached with zero current account balance
and a constant stock of wealth. A stationary state obtains in the
diagram when the stock of foreign assets equals F*, the exchange
rate is P* and the D*D* schedule intersects the supply curve at
that exchange rate. (We assume here for expositional convenience
that the nominal money stock is constant).
Diagram II illustrates the response of the momentary equili-
brium exchange rate and the current account to two types of shifts:
(i) an increase in the expected rate of depreciation (a stock
shift). This causes an increase in the 'desire to lend abroad'
(cf. J. Robinson (1949), Section II), without directly affecting
domestic absorption. The MM curve shifts to the right causing the
exchange rate to depreciate. The depreciation causes the current
account to move to a surplus (C B1 in the diagram). This surplus
gradually increases the stock of foreign assets which tends to
appreciate the exchange rate and cause the current account sur-
plus to diminish. The complete dynamic analysis of this adjustment
process with explicit treatment of expectations will be taken up
in Section V below and analysis of the ultimate stationary state
effects in Section III. (ii) A tax financed increase in government
expenditure (a flow shift, cf. J. Robinson (1949), Section III).
Diagram II
The Short Run Effects of Stock and Flow Shifts
Domestic absorption
and supply
Stock of
foreign
assets
shifts the DD schedule to the left but, ceteris paribus, leaves
the MM schedule unchanged. Therefore, the exchange rate remains
unchanged and the current account moves to a deficit. The current
account deficit reduces the stock of foreign assets, which causes
the exchange rate to depreciate. Both of these effects reduce pri-
vate absorption and gradually bring the economy to stationary equil-
ibrium with a zero current account.
Thus with stationary expectations a shift in absorption that
does not affect asset demands has no effect on the exchange rate
in the short run. We shall see later that if expectations are
rational the future effects on the exchange rate induced by the
current account deficits will be reflected on the current exchange
rate (see Section V below).
Diagram III illustrates the short run effects of Central Bank
intervention in the foreign exchange market. The economy starts
from a position of full equilibrium at Ao with stock of foreign
assets Fo and exchange rate Po. The Central Bank suddenly pur-
chases F 'F of foreign exchange from the private sector with
o o
domestic money. The private sector's initial foreign asset posi-
tion reduces to F ' and the MM curve shifts upwards to M'M'. The
exchange rate jumps to Po'. The sharp reduction in real financial
wealth causes the current account to go to a surplus (B 'C ' in
the diagram). The surplus begins to move the economy back to a
new stationary state equilibrium position. It is shown in the
next section that in the new long run equilibrium position the
private sector's stock of foreign assets is the same as it was
initially. All that happens is that the exchange rate depreciates
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by exactly the same proportion that the money supply is initially
increased. Note that the exchange rate initially depreciates more
than in proportion to the increase in the supply of money. Sub-
sequently, the rate appreciates down to its long run equilibrium
level. One may view the impact effect of foreign exchange mar-
ket intervention as a capital levy on money balances -- much in
the same way as devaluation. 9
III. The Stationary State
In this section we investigate the long run effects of various
shifts. The dynamic adjustment path from the short run momentary
equilibrium to the long run stationary state is analyzed in Section
V. In the stationary state, the stock of real wealth and its com-
position is constant, all nominal variables grow at the same rate
and the expected rate of inflation equals the actual rate of infla-
tion and hence the rate of change in the money stock.' 0
The constancy of real wealth requires that the current account
is equal to zero:
13. C(Y - T, M + F) + T + f M = Y (cf. equation 8)
Equation (13) defines the locus of M and F that implies balance
of payments equilibrium. It is illustrated by the BB schedule in
diagram IV. The schedule is downward sloping -- for the trade
account to remain in zero balance when the stock of foreign assets
increases, the stock of real balances must fall to prevent an in-
crease in absorption.
The second stationary state equilibrium condition requires
that the stock of wealth is held in desired proportions:
16
14. L( , Y, M + F) = M (cf. equation 5).
The description of the stationary state is complete once we observe
that the expected rate of inflation (T) equals the actual rate of
inflation (f), which in turn equals the rate of growth in the money
stock (m):
15. = - = m
P
The locus of the stocks of foreign assets and real balances that
are consistent with portfolio equilibrium is illustrated by the
MM schedule in diagram IV (cf. diagram I). It is upward sloping
because an increase in the stock of foreign assets increases the
demand for real balances. The intersection of the BB and MM sche-
dules at point A* determines the long run stationary state stock
of foreign assets (F*) and real balances CM*). We shall assume
throughout this paper that there exists a unique stationary state
for all rates of inflation greater than some negative T. The long
run exchange rate path Cwe obviously cannot talk about a long run
exchange rate if that rate is steadily depreciating) is defined by:
16. InP(t) = InM, + mt - In M*
There is thus a one-to-one correspondence betweenthe long run ex-
change rate path and the stock of real balances. The lower the
stock of real balances the higher the exchange rate path. Subse-
quently, when we refer to a long run depreciation of the exchange
rate, we mean an upward shift in the exchange rate path.
It follows immediately from equations (14) and (16) that a
once-and-for-all intervention in the foreign exchange market has
no long run real effects -- all that happens is that the exchange
rate increases in proportion. This implies that a purchase of X
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units of foreign exchange by the Central Bank will be followed by
a period of current account surpluses which add up to exactly X
units of foreign exchange.
Fiscal policy can affect the long run equilibrium position
in two ways: by changing the tax revenue and by changing the rate
of growth of public debt, and hence the rate of inflation. These
two methods are two alternative forms of taxation. The first is
a lump sum tax on income, the second a capital levy on cash bal-
ances. They have quite different long run effects because the
inflation tax changes the desired portfolio composition.
The long run effect of an increase in government expenditure
financed by higher taxes can be established without ambiguity with
reference to diagram IV. The BB schedule shifts down to B'B': at
a given stock of foreign assets there is an increase in absorption.
In order that the balance of payments remains in equilibrium, the
stock of real balances must fall and reduce private absorption.
Therefore, a tax financed increase in government expenditure wiZZll
reduce the long run stock of foreign assets held by the private
sector, and depreciate the long run exchange rate. This means
that between the short run momentary equilibrium and the long run
stationary state the current account must be in deficit.
The effect of an increase in the rate of inflation on the sta-
tionary state depends on the magnitude of the rate of inflation.
From equations (14) and (16) we obtain:
CL LM ,17. ALr AM = -7
L M- (C + Tr)L - TM18. A AF A
19. -7L - M
A = 7_ 7TA
where A = CA + nLA. The effect of a higher rate of inflation on
the stationary state stock of real balances is unambiguously nega-
tive. Therefore, we may write the stationary state demand for
money function in the form = L* (ff, Y) with L negative. The
effect on the stock of foreign assets and the stock of real wealth
is ambiguous. If L7 is well behaved, the stock of wealth at first
reduces with the rate of inflation reaching the minimum when the
rate of inflation equals the inverse of the inflation elasticity of
money demand, and thereafter increasing with the rate of inflation.
The stock of real private financial wealth is minimized when the
government revenue from the inflation tax is maximized.'2 As the
rate of inflation approaches infinity, the stationary state stock
of wealth approaches what it would be if the rate of inflation were
zero. The reason is that in both cases the average real rate of
interest is the same, namely zero. -13 An increase in the rate of
inflation at first reduces the stock of foreign assets but after
a while the substitution effect begins to dominate and the stock
of privately held foreign assets begins to increase. It is clear
from equation (17) that this occurs before the revenue maximizing
rate of inflation is reached (see diagram V).
An increase in the rate of inflation may thus be accompanied
either with a period of current account deficits (when the rate
of inflation is small) or a period of current account surpluses
(when the rate of inflation is high). The dynamic response pattern
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depends critically on how expectations are formed (see Section V).
IV. The Dynamic Stability of the
Adjustment Process
In this section we investigate the dynamic stability of the
balance of payments adjustment process under flexible exchange
rates. By dynamic stability, we mean the convergence of the
sequence of momentary equilibria to the stationary state. We shall
examine three mechanisms of expectations formation:
a) static expectations: 7 = m
P
b) myopic perfect foresight: i = ~= m -
c) adaptive expectations: 7 = 8(- - m) = B(m - 1 - v)
where X is equal to the logarithm of the stock of real balances
(InM). The adjustment process is defined by one of the above ex-
pectations equations and the following two equations:
20. F = k(, F) (cf. equation 8)
21. X = h(T, X) (cf. equation 6.1)
a. Static Expectations
With static expectations, T is constant and equation (21) be-
comes an ordinary differential equation in F. Because kF is
negative and we assume a unique stationary state, the adjustment
process is globally stable. In diagram IV, the economy moves
along the asset market equilibrium line (MM). Along the static
expectations path the exchange rate is continuously changing in
a way that implies profit opportunities for speculators so that
it hardly is an adequate representation of the adjustment process.
b. Myopic Perfect Foresight
The strong stability result that obtains in the case of static
expectations suggests that the question of dynamic stability
hinges on the nature of expectations formation. We show in this
section that perfect foresight renders the exchange rate indeter-
minate: from any initial exchange rate there is an exchange rate
and foreign asset path such that expectations are continuously
fulfilled and all markets are in equilibrium. This problem of
indeterminacy has been raised in a different context by Black
(1974), and is well known in the models of money and growth as
well as in growth models with many capital goods.'4 There is
only one path along which the economy converges to the stationary
state -- provided that it gets on that path in the first place.
The fact that the stationary state is a saddlepoint can be
established by considering the dynamic system consisting of equa-
tions (20) and (21) with X substituted in place of T. It is
straightforward to show that the characteristic roots of the re-
sulting dynamic system, linearized around the stationary state,
are real and of opposite sign, which is a sufficient condition
for the stationary state to be a saddlepoint locally. A
The dynamic behaviour of the stock of real balances and the
stock of foreign assets with perfect foresight is illustrated
in diagram V. The AA curve implies that the stock of real bal-
ances is constant (whence the rate of depreciation of the exchange
rate equals the rate of growth of the nominal money stock). The
BB schedule implies that the current account is zero and hence
the stock of foreign assets is constant. The assumption of a
unique stationary state implies that the BB curve cannot be
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steeper than the AA curve although it can be locally upward slop-
ing.1 6 The assumption of the existence of a stationary state for
positive rates of inflation also implies that the stock of foreign
assets never exceeds the stationary state level of wealth with zero
rate of inflation (cf. footnote 13). That is why the BB curve
cuts the X-axis at a finite stock of foreign assets F*.
The arrows in diagram V indicate the direction of movement.
Suppose that the initial stock of foreign assets is F . The ini-
tial exchange rate should be set in such a way that the initial
stock of real balances is equal to Mo in order that the economy
converges to the stationary state. If the exchange rate is ini-
tially undervalued, the stock of real balances is too low -- M '
in the diagram, the exchange rate appreciates initially as
people build up their domestic money balances faster than they
accumulate foreign assets in order to restore portfolio equili-
brium. After a while, the stock of real balances reaches to a
point where it stops increasing (point B in the diagram.) At that
point, the exchange rate begins to depreciate. The speculators
catch on immediately and start the flight out of domestic money.
Hyperinflation ensues and foreign money drives domestic money
valueless. The opposite outcome follows if the currency is
initially overvalued so that the initial stock of real balances
is too high. Both the stock of real balances and the stock of for-
eign assets will increase at first but after a while (point C in
the diagram) the substitution effect begins to dominate and the
domestic residents start reducing their foreign assets because of
the high yield on domestic assets. It is implausible that the boom
in the foreign exchange market could continue much beyond point D
in the diagram when domestic residents no longer have any foreign
assets. At that point the appreciation suddenly stops, the market
collapses and speculators incur a large capital loss. If speculators
have long run perfect foresight they will anticipate this outcome
and will prevent the hyperdeflation from ever getting started.
It is less clear how one might rule out hyperinflation since
there appears no good reason why domestic currency could not be
substituted by foreign money even in domestic transactions. Of
course, the society as a group loses from this since they have
to give up real resources (cut down consumption) in order to
accumulate foreign money. There is no self-evident competitive
market mechanism which rules out the society making itself worse
off by destroying the value of its money through speculation. In
addition to just ruling out such possibility because it seems
unreasonable (Sargent and Wallace, 1974), or because it has never
happened without excessive monetary expansion, one could argue
that a minimum stock of real balances is always needed to carry
out some transactions -- for instance, payments of taxes. If
that is the case, long run perfect foresight rules out hyperin-
flation as well. There remains the troublesome question of how
the speculators are able to compute the initial exchange rate
which will take the economy to the stationary state. We shall
not attempt to tackle this question, but shall use the assumption
of long run perfect foresight (rational expectations) as a con-
venient tool of dynamic analysis.
Diagram V shows the important property of the rational
expectations adjustment path: the stock of foreign assets and
the stock of real balances always move monotonically and in the
same direction. This result will prove very helpful in the
next section.
c. Adaptive Expectations
With adaptive expectations the dynamic evolution of the econ-
omy is defined by equations (20) and (21) and the adaptive expect-
ations equation (c). It is straightforward to show that a suffi-
cient condition for the local stability of this system is that
the product of the absolute value of the inflation elasticity of
the demand for real balances (h ) and the speed of revision of
expectations (8) is less than one:17
22. h7 B < 1
If the system is stable the convergence to equilibrium is nonoscil-
lating. This stability condition is the same as the condition
of stability in Cagan's model of hyperinflation except that h is
a reduced form elasticity unlike in his model. Our model of the
inflationary process differs from Cagan's analysis amongst other
things because equilibrium can be restored not only through price
changes but also through changes in the stock of the money substi-
tute.
V. Dynamic Response of the Exchange Rate and the
Balance of Payments to Various Shocks
In this section we analyze the dynamic response of the exchange
rate and the balance of payments to the various shocks considered
in Sections II and III from the short run and long run perspective.
Our strategy is to use the phase-diagram introduced in the pre-
vious section and infer from that what the response of the exchange
rate and the current account must be. The response of the exchange
rate can be established easily from the response of the stock of
real balances and the response of the current account from the
direction of change in the stock of foreign assets. We shall
examine separately each of the three shocks considered above and
in each case compare the response pattern under the three differ-
ent hypotheses about expectations formation.
a. The Dynamic Effects of An Once-And-For-All
Intervention in the Foreign Exchange Market
In diagram VI the economy is initially in a stationary state
with stock F* of foreign assets and M* of real money balances.
The MM and the FF curves have the same interpretation as before.
The Central Bank purchases FoF* of foreign assets. This leaves
both the MM and the FF schedule unchanged. With static expecta-
tions, the economy stays on the MM schedule so that the stock of
real balances reduces to Mo . Thereafter, the economy moves back
to the same stationary state with the exchange rate appreciating
and the current account in surplus. The static expectations
path implies an appreciating exchange rate which the speculators
persistently ignore. With foresight, this is not possible whence
the initial decline in the stock of real balances is less (imply-
ing that the initial devaluation is also less). Thereafter, the
behaviour of the economy is similar to that under static expecta-
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tions. This case illustrates that speculators with long run fore-
sight cushion the exchange rate against discrete and non-repeated
changes in the money stock. A possible response pattern of the
economy under adaptive expectations is illustrated by the AoTA
trajectory. The initial point is the same as with static expecta-
tions. As the exchange rate subsequently appreciates the specu-
lators revise their expectations upwards. Hence, the stock of
real balances must always be above what it is under static expect-
ations (hence the exchange rate is below what it is along the
static expectations path). Speculators may cause the stock of
real balances to go above the stationary state value which means
that the exchange rate will, after a period of appreciation, start
to depreciate. The current account cannot, however, move into a
deficit (this is implied by the stability condition).
To summarize, in all cases the exchange rate initially depre-
ciates more than in proportion to the change in the money stock.
Thereafter, the exchange rate appreciates and the current account
is in surplus until the economy has reached a new equilibrium
position with a higher exchange rate but the same values for the
real variables.
b. The Dynamic Effects of a Tax Financed
Increase in Government Expenditure
An increase in government expenditure financed by taxes will
shift the FF schedule down and leave the MM schedule unchanged
(see diagram VII). Before the shift, the economy is at point A
with stock Fo of foreign assets and M of real balances. In the
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new equilibrium position, both are less, F* and M*, respectively.
With static and adaptive expectations, the stock of real balances
and hence the exchange rate remain initially unchanged. The only
impact effect of the shift is that the current account moves to a
deficit (cf. Section II.b.). Over time this causes the exchange
rate to depreciate. Rational speculators foresee this possibility
and cause the exchange rate to depreciate immediately, thereby
bringing about a larger current account surplus than with static
and adaptive expectations. Thereafter, the rational expectations
path is similar to the static expectations path. Both of them
differ from the adaptive expectations path which may cause the
exchange rate to overshoot, as is illustrated by the ATA* traject-
ory.
Three points that emerge from this analysis merit re-empha-
sizing:
(i) In all cases the long run effect on the stock of foreign
assets correctly predicts the short run effects on the cur-
rent account.
(ii) If long run foresight is assumed, the long run effect on the
exchange rate correctly predicts the short run effect on
the exchange rate.
(iii) The ensuing current account deficit is temporary and in
no case reverses itself.
It is also of interest to note that the short run change in the
current account has informative value for speculators about the
future course of the exchange rate.
We should also point out that with long run foresight every-
thing that is expected to happen in the future will have an effect
on the current exchange rate.
c. The Effects of an Increase in
the Rate of Monetary Expansion
We know from the stationary state analysis that two long run
outcomes are possible: the stock of real balances will unambigu-
ously decline but the stock of foreign assets may either increase
or decrease depending on the strength of the substitution effect
(which itself depends on the magnitude of the rate of inflation).
Diagram VIII illustrates the first case. The economy is initially
at point A. The new equilibrium position is A*, with stock F*
of foreign assets and M* of real balances. The response to this
change is radically different under adaptive and rational expecta-
tions. It is meaningless to assume static expectations in this
case. With rational expectations, there is an immediate, discrete
devaluation of the exchange rate, whereafter the exchange rate
appreciates relative to its new trend. The sharp depreciation
causes the current account to move to a surplus despite the in-
crease in government expenditure. After the initial adjustment,
the stock of real balances and the stock of foreign assets increase
pari passu to the new equilibrium position. Note that the short
run impact is correctly predicted by the long run stationary
state impact.
With adaptive expectations there is no change in the initial
exchange rate whence the increased government absorption causes
the current account to move to a deficit. For a while, the stock
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of real balances and the stock of foreign assets decrease pari
passu, but once speculators catch on, the substitution effect be-
bins to dominate, capital begins to flow out and the current
account moves to a surplus. The surpluses add up to the sum of
the previous deficits and the long run increase in the stock of for-
eign assets because of the lower rate of return on domestic assets.
The case when both the stock of real balances and of foreign
assets decline in the long run can be analyzed with reference to
the previous diagram VII since in both cases the new equilibrium
position is to the southwest of the initial point. With rational
expectations, there is an instant depreciation of the exchange
rate attendant upon the (known) increase in the rate of monetary
expansion. The depreciation is not, however, sufficient to cause
the current account to move to a surplus. The exchange rate will
continue to depreciate faster than the new growth rate of the
money stock and the stock of real balances and of foreign assets
decline pari passu. Note that in the previous case, the rate of
depreciation was less than the rate of monetary expansion.
With adaptive expectations the path may look like trajectory
AoTA* in diagram VII. Initially, there is no change in the exchange
rate. The current account deficits cause the rate to depreciate.
Speculators catch on and may cause the rate to overshoot its long
run equilibrium path.
VI. Concluding Remarks
In this section we summarize the main principles of the
monetary approach to flexible exchange rates developed in this
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paper and discuss the various implications of this approach:
(i) In the long run there is a symmetry between the regime
of fixed and flexible exchange rates. Under fixed exchange rates,
the exchange rate is exogeneous and the supply of money endoge-
neous. Under flexible exchange rates, the supply of money is exo-
geneous and the exchange rate endogeneous. A devaluation under
fixed exchange rates increases the supply of money in proportion
in the long run; under flexible exchange rates, an increase in the
money stock increases the exchange rate in proportion in the long
run. An important long run difference between the two regimes is
that under flexible rates the rate of inflation can be varied
independently of the rest of the world. Changes in the rate of
inflation can be interpreted as changes in capital levy on domestic
money and they will have systematic effects on the long run stock
of wealth as well as its composition. Other instruments of fiscal
policy can be used in both regimes to alter the stationary state.
Because fiscal policy and other real variables have an effect on
the long run demand for money, it is not correct to say that the
exchange rate can be explained by monetary factors alone.
(ii) The adjustment process is quite different under the
two regimes. In both systems, the stock of wealth adjusts to
its long run desired level through deficits and surpluses in the
current account. Under fixed exchange rates portfolio equilibrium
between domestic money and foreign assets at a given level of
wealth is obtained through instantaneous capital inflows and out-
flows because the Central Bank supplies foreign assets at a fixed
price. Under flexible exchange rates instantaneous portfolio
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equilibrium is obtained through changes in the valuation of
assets -- that is, through changes in the exchange rate. Where-
as a desire to hold a larger proportion of foreign assets results
in an immediate adjustment of private portfolios and has no long
run consequences under fixed exchange rates, such a shift under
flexible exchange rates will give rise to a gradual adjustment
process and will have long run consequences. The exchange rate
will depreciate initially and the current account will move to
a surplus. This surplus increases the actual stock of foreign
assets. In general, the exchange rate in the new equilibrium
position will not be the same as before the portfolio shift be-
cause the long run stock of wealth will be different.
(iii) The dynamic behaviour of the exchange rate and of the
balance of payments depends critically on the nature of expecta-
tions formation. The traditional theory has missed the relevant
problem of instability under flexible exchange rates, namely, the
problem of instability of relative asset prices, by focusing in-
correctly on balance of payments flows. The crude purchasing
power parity theory of exchange rates has also missed the problem
of possible instability by ignoring the fact that different
monies, and assets denominated in different currencies, are sub-
stitutes. The requirement of no expected profits does not
rule out dynamic instability.'8 In fact, in the case of perfect
foresight the exchange rate is indeterminate -- for any initial
exchange rate, there is a path along which all markets clear and
expectations are continuously fulfilled. Only one of these
paths converges to the stationary state. Since hyperdeflation,
or inflation, has seldom, if ever, developed by the force of
speculative behaviour alone, there must be reasons why the devi-
ant paths cannot be sustained. Some reasons are given in the paper.
(iv) This paper does not give any role to relative price
effects in the adjustment process, emphasized by the traditional
analysis of foreign exchange market stability. A necessary condi-
tion of stability in our model is that an increase in the stock of
foreign assets reduces the current account surplus. With non-
traded goods and low price elasticities, this may not happen, in
which case the foreign exchange market would be dynamically un-
stable.
(v) If long run perfect foresight is assumed, the short run
effects and the dynamic path of various disturbances can be in-
ferred from the long run effects of these disturbances. This
result greatly enhances the usefulness of the portfolio balance
models of open economies.
(vi) The view of the exchange rate as a relative asset price
suggests that in a world in which the underlying determinants --
monetary and real -- of the exchange rate change continuously and
in a stochastic fashion, there is no reason to expect the exchange
rate to be stable. In fact, the behaviour of the exchange rate
is likely to resemble the behaviour of asset prices in other spec-
ulative markets, such as the stock market.
(vii) The analysis of this paper suggests a framework for
analyzing the effects of monetary policy under flexible rates which
departs significantly from the traditional analysis. The immediate
effect of a change in monetary policy is to change the relative
price of assets -- such as the exchange rate -- and the rates of
interest. These changes have effects on aggregate demand, prices
and output through various channels: (a) by changing the real
value of wealth and its distribution across countries, (b) by
changing the rate of interest and thereby affecting the rate of
investment, and (c) by possibly changing relative commodity
prices and real wages. The link between monetary policy and
the inflow or outflow of capital goes through the effect of mone-
tary policy on aggregate demand and output and thereby on the
current account, which determines the capital account. The
direct and immediate link between monetary policy and the capital
account in the traditional analysis has resulted in the false
presumption that monetary policy acts fast under flexible rates
because it has an immediate effect on the current account and
hence on aggregate demand. The correct reasoning is, of course,
that monetary policy has an immediate effect on the current
account if it has an immediate effect on aggregate demand.
(viii) Finally, the model developed in this paper can be
extended in a straightforward manner to allow for rigid wages
and unemployment, for changes in relative prices, and for accumu-
lation of real capital. The extension of the model to two or
more countries would bring out the point that what in the end
connects the exchange rate and the current account is the trans-
fer of wealth implied by current account deficits and surpluses
and the fact that asset preferences are likely to be different
in different countries.
Footnotes for Chapter I
Some of the most relevant literature on the monetary approach
to balance of payments is collected in Frenkel and Johnson
(1975). Recent contributions to the portfolio balance models
of open economies under fixed exchange rates include Branson
(1974), Brunner and Meltzer (1974) and Myhrman (1975).
Samuelson (1971) develops a rigorous Hume-Ricardo model of
trade with money. His analysis is, however, limited to the
stationary state. Whilst his justification of the Marshallian
partial equilibrium model of the foreign exchange market is
valid in the stationary state, it is not valid when the econ-
omy is out of the stationary state for reasons elaborated in
this paper.
2 Dornbusch (1973) uses an alternative formulation. In his
model money is the only store of value. He assumes that the
flow of saving is a function of the discrepancy between the
long run demand for real balances and the current stock of
real balances. This approach is identical to ours with a
fixed exchange rate but has different implications if the price
level is changing: it implies that investors stabilize saving
and let capital gains and losses be reflected on consumption.
This is both implausible and at variance with empirical evi-
dence.
The equality of the excess of domestic absorption over domestic
output and the current account deficit is the essence of the
absorption approach to the balance of payments. See Alexander
(1952) and Johnson (1958) for a discussion of this approach.
Dornbusch (1973) and Mussa (1974) emphasize the similarity be-
tween the monetary approach and the absorption approach in the
process of adjustment. The link between the two approaches
disappears, however, once there are other assets. The excess
of income over absorption represents a change in wealth, and
not necessarily a change in the holdings of money balances.
This strong separation obtains only because we assume a small
open economy producing only traded goods. In a two country
model or in a model with non-traded goods, the asset market
equilibrium and the commodity market equilibrium are determined
simultaneously so that it would be incorrect to say that the
exchange rate is determined only in the asset markets, since it
depends on the relative prices of commodities which are deter-
mined simultaneously with the exchange rate (see Chapter II).
But even in the more general case, it is incorrect to say that
the exchange rate is determined to equilibrate the balance of
payments flows.
s For a useful discussion of the problem of stocks and flows in
international monetary analysis, see Branson (1974). Branson
makes the classic error in discussing the extension of his
model to flexible exchange rate by 'allowing the foreign ex-
change market to determine the exchange rates so that the
balance of payments . . . is equal to zero'. See Branson,
op. cit., page 47 and the discussion above. The same mistake
is also made in a recent paper of Genberg and Kierzkowski
(1975), and in just about every other previous paper on flex-
ible exchange rates with the notable exception of Dornbusch
(1974).
6 A classic reference on the traditional theory of foreign ex-
change market is Robinson (1949). For representative modern
discussions, see Kindleberger (1973, Chapter 17), Sohmen (1969,
especially Chapter 1), and Stern (1973, Chapter 2).
7 This problem is formally the same as the stock-flow distinction
in closed economy monetary models. The difference between the
flow model of the foreign exchange market and the stock model
developed in this paper is the same as the distinction between
the flow of loanable funds and the liquidity preference theories
of interest. For a definitive treatment of these issues see
Foley (1975). As Foley shows, there is a logically consistent
way of formalizing the flow approach (stock disequilibrium) to
monetary theory. No such formalization appears to exist in
the literature on flexible exchange rates.
8 The change in household's real wealth is equal to new savings
less capital losses on real money balances:
A = Y - T - C -
where r is equal to the actual rate of inflation. The govern-
ment budget equation states that the excess of expenditure over
tax revenue equals the change in the supply of money.
(ii) G - T =
where m = M/M (see above). Substituting these above, we get
equation (9).
9 cf. Dornbusch (1973).
10 The stationary state model is similar to that of McKinnon and
Oates (1966), except that we assume fixed output and variable
price level (exchange rate) whereas they assume a fixed price
level and variable output even in the long run.
11 This is the Archibald-Lipsey long run demand for money function.
See Archibald and Lipsey (1958). See also McKinnon (1969) for
a discussion why the stock of wealth does not appear in the
long run asset demand equations.
12 On the optimal inflation tax see the recent treatment of the
problem by Phelps (1973).
13 With zero rate of inflation equation (12) is of the form
C(Y - T, A) + T = Y. With an infinite rate of inflation TM
becomes zero (under appropriate conditions on the inflation
elasticity of money demand) so that equation (12) is of the
same form: C(Y - T, A) + T = Y.
14 For a discussion of this problem in models of money and growth
see Hahn (1969) and references contained therein. See also
the recent paper of Brock (1975). Brock resolves the problem
of indeterminacy by assuming an economy of identically in-
finitely lived intertemporal optimizers. The transversality
condition enables him to eliminate the deviant paths. It is
not clear, however, what market forces enforce the transvers-
ality condition. A useful reference is also Burmeister-
Dobell (1970), Chapter 6, and Stein (1970), especially Chap-
ter I, Section E.
15 The details of the mathematical derivations are left out since
they are straightforward. See, however, footnotes in Chapter
II.
16 See Samuelson and Liviatan (1969) for a detailed analysis of
the properties of saddlepoints in optimal growth models. The
problems of local instability and multiple equilibria can
also arise in our model but we assume them away.
17 For a derivation of this result in a more complicated model,
see Chapter II, footnote 4.
18 If, however, speculators have long run foresight and rule out
explosive price paths, speculation will cushion the exchange
rate against reversible shocks as has been correctly argued
by Friedman (1953). However, permanent changes in the long
run determinants of the exchange rate will, even with -- and
in the case of 'flow shifts' (see the text), in particular
with -- rational expectations, have an accentuated effect
on the spot exchange rate.
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Chapter II
RELATIVE PRICES, SPECULATION, AND THE DETERMINATION
OF THE EXCHANGE RATE IN THE SHORT RUN
AND IN THE LONG RUN
I. Introduction
In this chapter we analyze the interaction between the com-
modity markets and the asset markets in the short run and long
run determination of the exchange rate in the context of a simpli-
fied model of a small open economy. In line with the monetary
models of devaluation of Dornbusch (1973), Krueger (1974), Pearce
(1961), and others, we assume that the economy produces one inter-
nationally traded good and one purely domestic good. Prices are
assumed to be flexible and full employment is assumed to prevail.
Domestic residents hold both domestic money and foreign assets.
The latter may be interpreted broadly to include foreign currency,
foreign securities, and even inventories of traded goods. The
allocation of wealth between the two assets depends, amongst other
things, on the expected change in the exchange rate. This is how
speculation affects the exchange rate, the relative price of non-
traded goods, and the balance of payments.
The main purpose of this chapter is to integrate the tradi-
tional theory of flexible exchange rates -- concerned with relative
price elasticities -- with the asset market view advanced in this
thesis. A restriction on the relative price elasticity of the
excess demand for non-traded goods is shown to be a necessary but
not sufficient condition for the dynamic stability of the exchange
rate. In addition, dynamic stability hinges critically on the
nature of expectations formation as well as the strength of asset
substitution effects.
We also analyze the difference between the conditions for a
successful devaluation and the conditions for the stability of a
market determined exchange rate. The former is shown not to imply
the latter. Indeed in our model, devaluation unambiguously in-
creases the Central Bank's stock of foreign reserves.
The plan of the chapter is as follows. Section II develops
the model and analyzes the short run determination of the exchange
rate. Section III investigates the dynamic stability of the
foreign exchange market under alternative assumptions about the
formation of expectations. Section IV analyzes the response of
the economy to an unanticipated, once-and-for-all devaluation.
Section V investigates the effects of foreign exchange market
intervention and the concluding section discusses the limitations
of the analysis.
II. The Model
We assume that the economy produces traded and non-traded
goods with labour as the only factor of production. The supply
of the two goods is a function of the relative price:
1. X. = X (q), i = 1 , 2
where Xi is the supply of domestic goods and X2 the supply of in-
ternational goods. q is the relative price of domestic goods
in terms of traded goods:
P1
2. q = p2
2
We assume that the world price level is constant and equal to one
so that P2 is also the exchange rate.
Consumption demand for the two commodities is a function of
the two prices, nominal income and financial wealth:
3. C 1 = Ci(P' 1P2 1 X 1 X2 P2' A), i = 1i, 2
We assume that the residents of the country hold only two
types of assets -- domestic paper currency and foreign assets.
The latter comprises foreign exchange, foreign securities and even
storable internationally traded goods. Therefore, total nominal
wealth is given by:
4. A = M + F * P
where M is the nominal stock of money and F is the foreign currency
value of foreign assets.
The demand for the two assets is assumed to be a function of
the two prices, the nominal stock of wealth and the expected change
in the exchange rate:
5. Md = L(, P'1, P2, A)
(-)(+) (+) (+)
6. FdP2 = F(2, FP' P2' A)
(+) (+) (+) (+)
We assume that foreigners do not hold domestic money. There-
fore, equilibrium in the financial markets obtains when:
7. Md M
8. Fd = F
By the wealth constraint only one of these equilibrium conditions
is independent. It helps to substitute A from the wealth con-
straint into equation (5) and write the equilibrium condition (7)
in the form:
M M
9. L(2', q1, F + 2 =P2
2 2
Solving this for the stock of real balances in terms of the traded
good we obtain the reduced form real balance equation:
10. M = = H(r2' q1 , F)
(-) (+) (+)
where the signs of the partials can be easily established from
equation (9). If we knew the relative price of non-traded goods
equation (10) would, ceteris paribus, determine the exchange rate.
In any case equation (10) tells us that if the price of non-traded
goods increases the exchange rate must appreciate in order to
maintain equilibrium in the asset markets.
The next step is to substitute the real balance equation (10)
into the wealth constraint (4) in order to obtain the reduced form
wealth equation:
11. p = A(r2' q 1, F)
(-) (+) (+)
The signs of the partials follow from those in equation (10). We
may now close the model by the condition of equilibrium in the mar-
ket for domestic goods:
A A12. C(q, X1 q + X2' A X1 (q = El(q, -) = 0
2 2
(-) (+)
The model implies that aE1 /q is always negative.2
Equations (10) and (12) determine the temporary equilibrium
values of the exchange rate and the relative price of non-traded
goods, given the supplies of assets and expectations regarding the
exchange rate. The momentary equilibrium changes from one instant
to another because of changes in the stock of foreign assets and
revisions of expectations in the light of new experience.
The change in the stock of foreign assets is equal to the
trade account surplus, which in turn is equal to the excess supply
of traded goods:
13. F= B = X2 (q) - C(q, Xl q + X2' ) AE22 2 2 P2  E2 (qP2H 2
(-) (-)
The fact that the partial of E2 with respect to q is negative can
be proven in the same way as before (see footnote 2).
The dynamics of the formation of exchange rate expectations
is introduced later.
The Temporary Equilibrium
The determination of the temporary equilibrium values of the
exchange rate and the relative price of non-traded goods is illus-
trated in diagrams I and II. The MM schedule implies equilibrium
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in the asset markets and the GG schedule an equilibrium in the mar-
ket for non-traded goods. Both of them are downward sloping. With-
out further analysis we cannot tell which of them is steeper. Be-
fore exploring this question algebraically let us investigate the
implications of the two possibilities.
An increase in the expected rate of depreciation will shift
the MM schedule to the right. In diagram I where the GG curve is
steeper this implies that the exchange rate will depreciate and
the relative price of non-traded will increase. In diagram II
where the MM schedule is steeper the exchange rate will appreciate
and the relative price of non-traded goods will decrease.
Diagrams III and IV compare the effects of an increase in the
stock of foreign assets. In the first case the exchange rate will
appreciate and the relative price of non-traded goods will increase.
In the second case, the exchange rate will depreciate and the rela-
tive price of non-traded goods will decrease. This indicates that
the second possibility implies dynamic instability since an increase
in the stock of foreign assets seems to increase the current ac-
count surplus, so that there appears to be no end to reserve accu-
mulation or decumulation. This is indeed the case as will be
demonstrated below.
Let us write the model in the compact form:
14. E 1 (q, M + F, a) = 0 equitibrium in the market for
-) +) (+)
non-traded goods
15. M = L(r, q, M + F) equitibrium in the asset markets
(-) (+) (+)
16. F = B = B(q, M + F, a) the current account
(-) (-) (+)
Diagram III
The Effects of an Increase in the
Stock of
Relativ
price
of non-
traded
goods
Foreign Assets (I)
Exchange rate
The Effects of an Increase in the
Stock of Foreign Assets
Exchange rate
Relativ
price
of non-
traded
goods
M is the stock of real balances in terms of the traded good. a is
a shift parameter in the commodity demand functions. It represents
a shift in consumption preferences. We may solve equations (14)
and (15) for M and q and substitute these in (16) to obtain the
reduced form momentary equilibrium equations:
17. q = g(a, r, F)
(+) (-) (+)
18. M = M(a, r, F)(+) (-) (+)
19. F = b(a, fr, F)
(?) (+) (-)
The dynamic stability of the model depends critically on the prop-
erties of these equations. To establish the signs of the partials,
differentiate equations (14) and (15) totally to obtain:
E E L l-L20. ^ 1A - 1A Tr AE Lq -A AF + + Ela a
21. LE - LAE E L T L
M= A lq F + El x
22. B E1A - BAE (BE - BAEq)L
B A lq F +
B (l-L )E + B LE + B ag A la A la a
+ A q A'
where A = -E( 1(l - - L E1A, and ^ denotes change. The percent-
M
age change in the exchange rate is simply minus R since the nomi-
nal money stock is constant. It is clear from equations (20) and
(22) that everything hinges on the sign of the determinant A. If
it is positive the MM schedule is steeper than the GG schedule
and all the expected results obtain and the signs of the partials
are as indicated in parentheses below equations (17) to (19). We
shall summarize this as:
Condition I: A = -Elq(1-LA) - LE > 0
What this condition says is that the price elasticity of the ex-
cess demand for non-traded goods should be greater than IE1A/(l-LA)]
SL q, where L is the elasticity of money demand with respect to the
relative price of non-traded goods. The effects of the various
shocks on the temporary equilibrium are summarized in Table I.
II. Dynamic Stability of the Foreign Exchange
Market and the Balance of Payments
In this section we investigate the dynamic stability of the
economy, by which we mean a convergence of the sequence of moment-
ary equilibrium to a stationary state with constant real variables
and constant or steadily growing (declining) price level.
In order for the problem to be meaningful, a stationary state
must exist, We shall assume that there exists a unique stationary
state.
Assumption I: The equation: b(a, f, F) = 0 has a unique positive
root F* for all r greater than some negative f
The dynamic stability of the foreign exchange market depends
critically on the nature of the formation of expectations. We
shall explore three possibilities:
a. static expectations: T = T*
b. perfect foresight: 7 2
P2
c. adaptive expectations: V = 8(- - f)
P2
Table I
The Properties of the Temporary Equilibrium
When Condition I Holds
The Effect of The Relative The Effect on
Price of Home the Exchange The Current
Goods Rate Account
Increase in:
Expected Rate
of Deprecia-
tion
Stock of
foreign
assets
Preference for
home goods
a. Static Expectations
Condition I and Assumption I ensure that the foreign exchange
market is globally stable. Diagram V illustrates the evolution of
the economy over time. The FF schedule implies zero current ac-
count and a constant stock of foreign assets. It does not depend
on the exchange rate, only on the rate of depreciation ('7). The
MM schedule is defined by:
23. P 2 = p(a, rr*, F) M where p ( ) = 1/m ( )(-) (+) (-)
It implies temporary equilibrium in the asset markets and in the
market for non-traded goods. The expected rate of depreciation
should equal the rate of growth in the money stock in order that
expectations are correct in the stationary state. (We assume
throughout, for simplicity and without consequence, that the nomi-
nal money stock is constant.) The economy starts with stock F
of foreign assets. The temporary equilibrium exchange rate is Po"
At that point the current account is in surplus so that the stock
of foreign assets is increasing. Since the temporary equilibrium
always obtains the economy moves along the MM schedule with the
exchange rate appreciating along the way. This adjustment path,
although stable, implies profit opportunities for speculators who
have foresight.
If Condition I does not hold, the real stock of wealth and
the relative price of non-traded goods are unstable, even with
static expectations. This is because the change in the stock of
wealth is an increasing function of the actual stock of wealth.
A small decrease in the stock of wealth causes the exchange rate
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to appreciate and the price of non-traded goods to increase. This
creates a current account deficit which further increases the price
of non-traded goods. The economy has inflation and a current
account deficit simultaneously. Both of these reduce the stock of
financial wealth.
b. Perfect Foresight
In the case of perfect foresight the dynamic path of the econ-
omy is defined by equations (23) and (19), and the expectations
equation:
24. P = where X = InP224. 2
In order to study the properties of this system, linearize it
around the stationary state. This yields:
25. = b + b T - b F
26. X = Po + P r  - pF F
Substituting from equation (24) we obtain finally:
b b27. br TSF b X + (-p -b F
o p p bF) F
2 *8 Po 1 PF28. X= -- +-X -F
PT P p
The characteristic roots of this system of differential equations
are always real and of opposite signs. 3 Therefore, the stationary
state is a saddle point -- there is only one initial exchange rate
from which the economy will converge to the stationary state.
The PP schedule implies a constant exchange rate and the FF sche-
dule a constant stock of foreign assets. As the exchange rate
approaches infinity the stock of foreign asset approaches the
steady state stock of wealth. It does not increase without limit.
All that happens is that people shift from domestic money to for-
eign money, holding in the end only foreign assets. This also
implies that the relative price of non-traded goods will converge
to a constant nonzero value (see Section d below).
Suppose that the economy has initially stock F of foreign
assets (see diagram VI). If the initial exchange rate is set cor-
rectly at Po the economy will move along the TT trajectory to the
stationary state. Along this path expectations are continuously
realized and no speculator is either making a profit or a loss.
If, however, the currency is initially undervalued at P0 it will
at first appreciate and then start depreciating without limit.
Intuitively, the exchange rate appreciates at first because the
stock of foreign assets is increasing fast because of the under-
valued exchange rate. After a while, the growth of foreign assets
slows down and the exchange rate begins to depreciate and the spe-
culators immediately revise their expectations starting the flight
out of domestic money. A similar story can be told for the case
of an overvalued exchange rate. The explosive path is illustrated
by the T"T" schedule. One might want to argue that the process of
hyperdeflation must come to a stop at point Q where the economy no
longer holds foreign assets, unless the foreigners are willing to
lend to the residents of this country just for the purpose of them
accumulating domestic money. If the process stop at point Q the
domestic money is no longer as attractive because its yield sudden-
ly falls drastically. There will be a collapse of the speculative
boom -- presumably only to be followed by another one (see Section
d below).
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The saddle point property of the perfect foresight model
raises difficult questions. What market forces are there to rule
out the deviant paths? Perhaps the only answer is that in normal
times people simply rule out hyperinflation or deflation as long
as they have confidence that a stable long run value of the cur-
rency can be maintained. If that is so, the perfect foresight
model does have the interesting property that the current exchange
rate depends not only on the immediate expected changes in the ex-
change rate but also on everything that is expected to happen in
the future.
c. Adaptive Expectations
The intermediate case between static expectations and perfect
foresight is adaptive expectations with neither zero nor infinite
speed of adjustment. In that case the dynamics around the steady
state is defined by equations (24) and (25) and:
29. ; = B - r)
Solving the model for and F as functions of 7 and F we obtain:
30. F = b +b - b F
o 'I F
31. o BPF B(1 + b pF )  SpFbF
Sl- p b - + F
-rp o 1-Bp I-BP
A sufficient condition for the stability of this dynamic system is
that the product of the elasticity of the exchange rate with respect
to the expected rate of depreciation and of the speed of adjustment
of expectations is less than onet 4
32. p f < 1
This condition looks the same as the condition of stability in
Cagan's model of hyperinflation. The only difference is that the
P coefficient is a reduced form elasticity rather than the infla-
tion elasticity of money demand. It depends on all structural
parameters of the model. If the model is stable, the convergence
to equilibrium is nonoscillating (see footnote 4).
The translation of the model to the (X, F) space is cumber-
some but the same stability condition obviously holds. Further-
more, the convergence of the exchange rate must also be nonoscil-
lating. The dynamic adjustment path is illustrated in diagram VII.
The PP and the FF schedules have the same interpretation as before.
The economy has initially stock Fo of foreign assets. With zero
expected change in the exchange rate the equilibrium exchange rate
is at point P . With static expectations the economy would move
along the A A* trajectory (corresponding to the MM schedule in
diagram V) to the stationary state. This path implies profit op-
portunities so that if speculators have foresight there will be a
revaluation of the initial exchange rate to point Po' whereafter
the economy moves along the A'A* trajectory. Trajectory A TA*0 0
illustrates a possible adjustment path with adaptive expectations.
Since the exchange rate is appreciating the actual exchange rate
path must always be below the static expectations path. It is
quite possible, as is illusrated in diagram VII, that the exchange
rate will go below the long run exchange rate by the force of ex-
pectations lagging behind actual developments. It is also possible
that incorrect expectations cause the current account to be in sur-
plus first and then in a period of deficits during which the excess
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stock of foreign assets is eliminated. This possibility is illus-
trated by the A1TA* trajectory starting from initial point Al1 and
an initial stock F1 of foreign assets above the long run equili-
brium stock. These adjustment paths would not be possible either
with static expectations or perfect foresight.
d. The Stability of Relative Prices
The instability of the exchange rate does not necessarily
imply instability of relative commodity prices. From equation (14)
it follows that the stability of the relative price of non-traded
goods depends on whether the total stock of real financial wealth
is stable. This question can be answered by observing that the
change in the real stock of wealth (in terms of traded goods) con-
sists of new savings and capital gains or losses on existing wealth:
P2 M
33. A = Xlq + X2 - C1 (q, A) - C2 (q, A) - 2P2 P2
Since q is an increasing function of A we may write this in the
compact form:
34.3 A = C(A) P- L*(f, A)
2
(-) (+)
It is immediate from equation (34) that hyperinflation will cause
the second term to vanish so that the stock of real wealth will
converge eventually to A* where A* is the root of C(A) = 0. In
the long run, wealth consists of only foreign assets so that A* is
equal to F* -- defined in Assumption I. This result justifies the
shape of the FF schedule in diagram VI.
It is equally clear that hyperdeflation will cause the real
stock of wealth to increase without limit since the second term
will explode as deflation accelerates. This implies that the rela-
tive price of non-traded goods will increase without limit and
hence that the supply of traded goods will diminish to zero.
Since at the same time the stock of foreign assets is declining
and eventually becoming negative, it is clear that the bull market
must collapse in a finite time. The speculative rally is only cre-
ating a temporary illusion of affluence which is based on nothing
but groundless optimism. If speculators have foresight and are
not caught in the mood of the moment, hyperdeflation can be ruled
out. With myopic and adaptive expectations there is nothing in
theory to prevent speculative booms and subsequent collapses in
the foreign exchange market.
III. A Digression on the Effects of Devaluation
There is a confusion in the literature between the conditions
for a successful devaluation and the conditions of stability of
freely fluctuating exchange rate. The condition for a successful
devaluation implies that a once-and-for-all change in the exchange
rate reduces the current account surplus (and possibly the stock
of reserves; see below). This does not imply, even in the absence
of speculation, that the freely floating foreign exchange market
is stable. That requires that an increase (decrease) in the stock
of foreign assets reduces (increases) the current account surplus.
The two conditions are not the same. The second difference is that
foreign exchange market speculation is of critical importance for
the stability of flexible exchange rates whereas it is of (at least
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with confidence in the parity) no consequence for a fixed exchange
rate regime. In our model, devaluation unambiguously improves the
balance of payments.
a. The Evolution of the Economy With
a Fixed Exchange Rate
With a fixed exchange rate the temporary equilibrium and the
dynamics of the economy is defined by the following set of equa-
tions:
35. E1(q, -) = 0 equilibrium in the market for21 
non-traded goods (ocf. equation
14).
36. R = B(q, A) - F balance of payments = change in
Central Bank reserves Ccf.
equation 16).
Md D
37. = L(q, A) M D + R demand for and supply of money
2 p2  P2
(cf. equation 15).
38. Md + Fd = A = M + F private sector wealth constraint
(cf. equation 4).
The structure of the model can be explained as follows. At
any given instant, the real stock of financial wealth is given.
The price of non-traded goods adjusts to clear the market for non-
traded goods (equation 35). The relative price of non-traded goods
and the current stock of wealth determine the rate of change in the
stock of wealth. This can be seen by observing that if the Central
Bank holds its stock of domestic assets constant (which we shall
assume throughout) equation (36) can be written as follows;
39. A = B(q, A)
The distribution of the private sector's stock of financial
wealth is determined by equations (37) and (38). The private sec-
tor can always rearrange its portfolio at a constant exchange
rate since the Central Bank supports the parity.
Before analyzing the effects of devaluation, consider the
dynamic behaviour of the system defined by equations (35) and (39).
This is illustrated in diagram VIII. The GG schedule implies
equilibrium in the market for non-traded goods. It is upward
sloping because an increase in the stock of wealth increases the
demand for non-traded goods and hence their relative price. The
BB curve implies a constant stock of financial wealth. It also
implies a balance of payments equilibrium -- zero trade account
and capital account. The economy starts at point Q0 with wealth
A and relative price of non-traded goods qgo. At that point, the
stock of wealth is below its stationary state value, and the cur-
rent account is in surplus.
It is only through current account surpluses that the private
sector can accumulate wealth. Assuming continuous full-employment
equilibrium in the market for non-traded goods, the economy will
move along the GG schedule up to the stationary state at point A.
The overall balance of payments must be in surplus to the
left of point A because the demand for money is increasing: the
Central Bank increases the supply of money by intervening in the
foreign exchange market.
Whether the capital account is in deficit or surplus depends
on the relative magnitudes of the wealth effect and the effect of
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the increasing price level. From equations (37) and (38) the
capital account is:
40. F = [1 - LA] A - L q
The sign of F is ambiguous without further information. Differen-
tiating equation (35) totally with respect to time, solving for q
and substituting back in equation (40) we obtain:
41. F= (1 - LA ) + L AA q Elq
The expression in the brackets is equal to -A/E lq where A is de-
fined in Condition I on page 10. Therefore, if A is positive --
which implies that the flexible exchange rate regime is stable with
static expectations the capital account is in deficit as long as
the stock of wealth is below the stationary state value (and in
surplus thereafter).
b. The Effects of Devaluation
This section investigates the short run and the long run effects
of an unanticipated devaluation. Suppose that the private sector's
initial wealth composition is M in money and F in foreign assets.
2
A devaluation of X percent will reduce wealth by M- X in terms of
2
the traded good. From equation (35) the increase in the price of
non-traded goods is:
E MlA
42. q= E 'A, where A -- X
lq P2
which is unambiguously positive. From equation (36) the effect on
the current account is:
43. B = I-B q A + B ] A
T Eq A
The expression in the parenthesis is negative so that a devaluation
unambiguously improves the current account.
The effect of devaluation on the capital flow account is ambi-
guous. Since the current account improves, the rate of accumula-
tion of wealth will increase. We know from the analysis on page
that this may either reduce or increase the capital (flow) account
deficit. If Condition (I) holds (normal case) the capital flow
account will be in deficit after the devaluation as people keep up
the increase in their foreign assets in pace with their increasing
wealth. If Condition (I) does not hold the capital flow account
will go into a surplus (if it was in balance before). This is
because foreign assets are inferiour assets and their holdings
actually decline as the economy accumulates more wealth.
The effect of devaluation on the overall balance of payments
is unambiguously positive. This is because the accumulation of
wealth increases the demand for money which can be satisfied only
through surpluses in the balance of payments.
The devaluation also has an impact effect on the stock of
foreign reserves of the Central Bank because of its effect on the
private sector's portfolio of assets. The change in reserves is
equal to the change in the nominal stock of money held by the
private sector (M/P2 in foreign currency). The algebraic formula
for the discrete change in the stock of Central Bank reserves is:
M E1A A
44. R = (1-L ) + L A E= lq
If Condition (I) holds, the devaluation increases the stock of for-
eign assets immediately because of the portfolio effect. If
Condition (I) does not hold, devaluation reduces at first the
Central Bank's stock of foreign reserves.
The long run effect of the devaluation on the stock of re-
serves is the same in both cases -- the price level and the stock
of money will increase in the same proportion as the currency is
devalued.
The short run and long run effects of devaluation are illus-
traded in figures I and II. Figure I illustrates the effects on
balance of payments flows and figure II the effects on the stock
on Central Bank reserves.
Figure I-A illustrates the response of the balance of pay-
ments flows to devaluation. The economy is initially in a sta-
tionary state equilibrium. At time to the currency is devalued.
The current account will go to a surplus (B ), the capital flow
account to a deficit (Fo), and the overall balance of payments to
a surplus (R ). The impact effect of the devaluation on the stock
of reserves cannot be seen in diagram IX (see diagram X). The
abnormal case is illustrated in diagram IX-B which is self-explan-
atory.
The effect of devaluation on the stock of Central Bank re-
serves is shown in figure II. In the normal case the stock of
reserves increases immediately from R to R ' as domestic residents
sell their foreign assets for domestic money. Thereafter the stock
of reserves increases steadily through overall surpluses in the
balance of payments, converging asymptotically to R*. The total
increase in reserves is equal to XP- where X is the percentage of
devaluation and - the stationary state stock of real balances
(measured in foreign currency).
In the abnormal case, the stock of Central Bank reserves
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initially falls (from R to Ro ' in Figure II-B. This is because
a reduction of wealth increases the demand for foreign assets.
After the initial adverse effect, the stock of reserves begins to
increase by force of the surpluses in the overall balance of pay-
ments, reaching eventually the same stationary state level (R*) as
in the previous case.
The above analysis suggests that devaluation can be inter-
preted as a capital levy on financial wealth.5 As long as the pri-
vate sector has nominally fixed assets, devaluation will initially
reduce the real value of wealth. Furthermore, it will reduce the
stock of real balances in relation to wealth. In the long run,
neither real wealth nor the stock of real balances is affected by
devaluation. Therefore, after the devaluation, the current account
and the overall balance of payments must be in surplus for the pri-
vate sector to be able to reconstitute its asset position. The
condition of stability of the freely floating foreign exchange mar-
ket is relevant only for the impact effect of devaluation, not for
the total effect which is unambiguous. It should also be empha-
sized that the process of adjustment to new equilibrium after the
devaluation will involve changes in relative commodity prices and
reallocation of resources from the home sector to the external
sector of the economy.
The view of devaluation as a capital levy implies that devalu-
ation must be unanticipated in order to be successful. For if the
private sector anticipates devaluation they will sell their domes-
tic assets as much as they can. Indeed, it may be even possible
that they become net debtors in domestic currency in which case
the effect of devaluation is to increase private sector wealth --
the Central Bank or government would impose the capital levy on
itself.
V. The Effects of Foreign Exchange Market
Intervention and Other Policies
If the Central Bank wishes to increase its stock of reserves
under a regime of freely floating exchange rate, it can do so by
buying foreign assets with money. The effects of such policy are
illustrated in diagram IX. The economy is initially at the sta-
tionary state with exchange rate Po and stock of private foreign
assets F . The Central Bank buys FoF O of foreign exchange from
the private sector. The ultimate effect of this policy is to in-
crease the exchange rate in proportion and to leave the stock of
foreign assets held by the private sector unchanged. The short
run impact and the adjustment path depend on the nature of expecta-
tions. In aZZll cases the exchange rate initially overshoots. With
static expectations (cf. Section IIIa) the exchange rate will jump
to P ' and then appreciate along the MM line to the new stationary
state value. With perfect foresight the exchange rate will jump
less, to point Po", and then monotonically appreciate to the same
stationary state value (cf. Section IIIb). With adaptive expecta-
tions, a possible adjustment path is illustrated by the A 'TA1 tra-
jectory (cf. Section IIIc). The speculators incorrectly expect
the exchange rate to stay at the initial value; gradually revise
their expectations in such a way that the exchange rate goes below
Diagram IX
The Effects of Foreign Exchange Market Intervention
Exchange
rate
Stock of foreign assets
the long run value. With non-traded goods, speculative behaviour
not only affects the price level and the balance of payments
(intertemporal allocation of consumptionl but also the relative
price of non-traded goods and the allocation of resources between
the two sectors. If the market is stable, these effects are only
temporary -- the long run equilibrium position will be the same as
before except for a higher price level.
In the long run, devaluation and a direct intervention in the
foreign exchange market with a market determined exchange rate are
alternative methods for obtaining exactly the same result. The
short run effects and the nature of the implied adjustment paths
is, however, quite different.
A reduction in the stock of the Central Bank's domestic assets
would be another alternative to devaluation. Since we do not have
a domestic bond market in the model, the only way that the supply
of money may change, apart from foreign exchange market interven-
tion, is through fiscal policy. In the model, a capital levy of X
percent on private holdings of domestic assets has exactly the same
effects as a devaluation of X percent, except for the level of
prices. Other fiscal measures, such as a temporary tax on incomes,
the proceeds of which are used to buy foreign assets, will have
identical long run effects but the time path will obviously be
quite different for each fiscal policy.
VI. Concluding Remarks
The analysis of this chapter can be extended in a number of
directions. Perhaps the most important modification would be to
allow for rigidity of nominal wages and existence of unemployment.
Such extension would be straightforward to incorporate into the
framework developed in this paper. If one assumed, for example,
that the price of non-traded goods and the nominal wage rate were
fixed in domestic currency equation (12) would determine the level
of output in the home goods sector. Furthermore, the output of
traded goods would now be an increasing function of the exchange
rate -- the lAtter would determine the level of profitable pro-
duction given the nominal wage rate. The assumption of rigid
wages and domestic prices is hard to justify in an analysis of
the adjustment process, which is why we have assumed price flex-
ibility even in the short run.
The introduction of real capital and bond markets would not
alter the analysis significantly although it would make it much
more involved. Such extensions would, however, be necessary should
one wish to assume away the real balance effect. With only inside
money (and no outside debt) changes in the exchange rate affect the
economy by changing relative prices and real wages, and/or by
changing the real rate of interest. These two channels are absent
in the model developed in this chapter.
The extension of the model to two or more countries would bring
out the point that in the end what links the current account with
the exchange rate is the transfer of wealth implied by a nonzero
current account and the fact that asset and consumption preferences
are likely to be different in different countries.6
Footnotes for Chapter II
1 Only the expected change in the exchange rate is included in
the asset demand equations in order to keep the model manage-
able. A rigorous justification can be given in the case of a
homothetic utility function. Let a be the proportion of ex-
penditure on domestic goods. Then the price index is:
p = PlaP21-a and the real return on money -ar1 - (1-a)r2. The
real return to foreign assets is the percentage change in P2/P
which is a(72 - 1 ). The difference in real returns is
therefore 72. In the stationary state the relative price of non-
traded goods is constant so that 7 is the rate of inflation.
2 This is because:
dcl/dq = c1l/ q + acl/ Y • X1 + ac1 / 3Y(dXlq + dX2 )
= Dcl/ql - Dc /DY • X1I + cl/Y * X, = acl/dql< 0
u constant 1 u constant
The expression in the first bracket is equal to zero by the con-
dition of profit maximization. The expression in the second
bracket is the Slutsky decomposition. The income effect of the
price change is cancelled out. I am indebted to Hal Varian for
a clarifying discussion on this point.
3 The characteristic roots are:
1 br + 1 b r 2 b'rPF
m, m2  + PF - bF) - - + - P - b ) + 41+' -2 P7 p F F P P F F P1
/ b F 1 b _
= C 2 4 -, where C = 1 + PF bF)p , p p7 F F
The roots are real and of opposite sign.
4 The characteristic roots are, after a little algebra;
+ 2 bF + bPF
mi, m2 ,= C - C 4 l-p, where C = -bF - 1 -
Clearly C is negative if 1 -Bpw > 0. Furthermore, the discrimi-
nant can be shown to be always positive so that if the model is
stable, convergence to equilibrium is nonoscillating.
For a derivation and interpretation of a similar stqbility con-
dition in a different model, see Mussa (1973).
5 cf. Dornbusch (1973). It should be emphasized that the assump-
tion of a unique stationary state equilibrium is critical to
the analysis. The existence of multiple equilibria would, of
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course, imply instability even in the fixed rate model and in
that situation devaluation could well have an adverse effect
on the stock of foreign reserves (see Dornbusch (1973a)). The
assumption of a 'well-behaved' economy is also critical to the
analysis. Complications that arise from wage-price rigidities
and various distortions are analyzed in detail in Bhagwati
(1975).
6 The implications of these differences for the short run effects
of devaluation are examined in Dornbusch (1973 a).
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Chapter III
EXCHANGE RATE EXPECTATIONS, AND THE SHORT RUN
AND THE LONG RUN EFFECTS OF FISCAL AND
MONETARY POLICIES UNDER FLEXIBLE EXCHANGE RATES
I. Introduction
This chapter analyzes the short run and the long run effects
of various fiscal and monetary policies on the exchange rate and
the balance of payments in a small open economy with flexible prices
and full employment. Apart from this simplifying assumption, the
paper differs from the extensive literature on the subject in
several important respects. First, in the short run analysis
we view the exchange rate as a relative price of monies which is
determined, in the same way as interest rates and equity prices,
to clear the financial markets. This is in contrast to the tra-
ditional approach, exemplified by the seminal contributions of
Fleming (1962) and Mundell (1968),_ which views the exchange
rate as a price that equilibrates the 'balance of trade' with
the largely independently determined 'balance of lending'.
This flow model of the exchange rate was shown to be logically
incorrect in Chapter I. This chapter will examine the conse-
quences of the mistake for macroeconomic analysis.
The second difference from the literature is the explicit
treatment of exchange rate expectations. Argy and Porter (1972)
show that the short run effects of fiscal and monetary policies
under flexible exchange rates depend critically on the way spe-
culators form their expectations about the future. They do not,
however, examine the implications of various mechanisms of ex-
pectations formation on the dynamic adjustment path. In this
paper, we investigate this question in great detail both in
terms of the dynamic stability of the balance of payments adjust-
ment process, and in terms of its qualitative properties. We
shall focus in particular on the implications of rational exchange
rate expectations. It is commonly argued, following Friedman
(1953), that in a well functioning foreign exchange market there
can be no expected, systematic profit from foreign exchange mar-
ket speculation. Yet, the macroeconomic implications of this
'efficient market' hypothesis have not been worked out in the
literature. It is shown in this paper that the assumption of
rational expectations implies radically different adjustment pat-
terns from, for example, the dynamic response patterns that obtain
when expectations are formed adaptively. The assumption of
rational expectations (perfect foresight) implies that the ex-
change rate is unstable unless the initial exchange rate is set
just right. This problem is well known in models of money and
growth (Black (1974), Brock (1975), Hahn (1969)) and has been
typically assumed away in the recent rational expectations
monetary models (for example, Sargant and Wallace (1973)). No
resolution of the problem is offered in this paper beyond some
suggestions.
A third contribution of this paper is a detailed analysis
of the adjustment process from the short run momentary equili-
brium to the long run stationary state. There is a gap in the
literature on this question. Several authors have recently ex-
amined the long run stationary state effects2 of various policies
whilst the earlier literature dealt exclusively with the short
run effects in an extended IS-LM model of the open economy. It
is shown in this paper that with long run foresight (rational
expectations) the short run impact effects of various shocks
on the exchange rate and the balance of payments can be inferred
from the long run effects of these shocks in the stationary state
exchange rate and asset supplies. The short run effects with
rational expectations are shown in many cases to be radically
different from the short run effects implied by exogeneous ex-
pectations.
Finally, the analysis of this paper has several interesting
implications for the behaviour of market determined exchange
rates and for the nature of the monetary transmission mechanism
under flexible exchange rates. Those are taken up in the con-
cluding section.
The structure of the model developed in this paper is very
simple. We assume flexible prices and wages, full employment
and continuous equilibrium (momentary equilibrium) in the finan-
cial markets, as well as exogeneously given relative prices.
We assume, too, that there is no real growth nor accumulation
of real capital. These assumptions sharpen the analysis but
the general principles elucidated in this paper go beyond this
or any other simplified model.
The paper proceeds as follows. Section II analyzes the
short run determination of the exchange rate and the balance of
payments and investigates the effects of various policies and
shocks with exogeneous expectations. Section III analyzes the
effects of the same shifts on the stationary state. Section IV
examines the problem of dynamic stability of the balance of pay-
ments adjustment process, and Section V investigates in detail
the adjustment path from the short run momentary equilibrium to
the long run stationary state. The concluding section summarizes
the results and compares them with the traditional analysis.
II. Asset Market Equilibrium and the
Balance of Payments in the Short Run
In this section we analyze the simultaneous determination of
the exchange rate, the interest rate and the current account in
the short run with given expectations and asset supplies. We
shall also examine the short run effects of various monetary
policies and shocks.
To simplify the analysis, we assume that the economy produc-
es only traded goods, the relative prices of which are determined
in the world market. We also assume flexible wages and full em-
ployment of labour, which is the only factor of production. There
is no accumulation of real capital.
a. Asset Market Equilibrium
The residents of the economy hold three types of assets:
domestic money (M), domestic securities (B), and foreign securi-
ties (F). The demand for real balances is a function of real
income (Y) and the nominal rate of interest (r). The supply of
money is determined by the Central Bank. The money market equil-
ibrium condition is then:
Md M1. - m(r)Y =P P
The supply of money is equal to the stock of domestic bonds
(Bcb) and of foreign bonds (Fcb) acquired by the Central Bank
since the money supply can change only as a result of open mar-
ket operations (ABcb ) or foreign exchange market intervention
(AFCb ):
cb -cb2. M = B + Fb
We assume that changes in the valuation of the Central Bank's
stock of foreign reserves have no effect on the money supply.
Using the simplification justified in chapter IV we write
the demand for domestic bonds as the difference between the
total demand for domestic assets -- money and bonds -- and the
demand for money.
The total demand for domestic assets in turn is a function
of the difference between the domestic interest rate (r) and
the foreign interest rate (r*) adjusted for expected change in
the exchange rate (1), and proportional to real financial
wealth (A). We ignore foreign holdings of domestic assets.
The equilibrium condition for the market of domestic bonds is:
B M B
3. - d(r - r* - f) A - -P P P
where B is the supply of domestic bonds to the private sector.
We assume that all bonds are of short term maturity. B is
equal to the total stock of public debt (Bg), less the amount
held by the Central Bank (BCb). Using the Central Bank balance
sheet given in equation (2) we may rewrite equilibrium condi-
tion (3) in the form:
Dd Bg + ycb D4. - d(r - r* - f) A p
where D is the total supply of domestic assets. Equation (4)
assumes that the money market equilibrium condition obtains.
Note that open market operations have no effect on the supply
of domestic assets. The Central Bank changes the total supply
of domestic assets only by exchanging domestic money, or bonds
for foreign securities with the private sector. This it can
accomplish in two ways:
(i) by buying foreign securities with domestic money.
This corresponds to intervention in the spot foreign exchange
market.
(ii) by buying foreign securities with domestic money and
selling domestic securities in the open market in the same amount.
In the special case when the exchange rate risk is the only risk
in international investment, exchange of domestic bonds for for-
eign bonds is identical in its effects to intervention in the
forward exchange market. Although the forward market is not ex-
plicit in the model, we shall frequently refer to forward market
intervention when we mean an exchange of domestic bonds for
foreign bonds.
Since there are only three assets the demand for foreign
assets is given by:
5. Fd = f(r - r* - ) A = II - d(r - r* - 7)] A = F
The supply of foreign assets (F) to the private sector is equal
to the total stock of foreign exchange reserves held by the pri-
vate sector and the Central Bank (Fcb ) less the stock of foreign
assets held by the Central Bank (FCb):
6. F=F - Fcb
There are three assets and three conditions of equilibrium.
One of them is redundant by the wealth constraint:
Md Bd d D  d D7. -- + + F + = A - + FP P P P
Given the asset supplies and the level of real income the
remaining two equilibrium conditions determine the exchange
rate (price level) and the nominal rate of interest. Without
loss of generality we assume that the world price level is con-
stant and equal to one. The price level and the exchange rate
are then the same thing.
It is convenient to write the two equilibrium conditions
in the form:
8. m(r)Y = QD money market equilibrium
9. f(r - r* - f) (D + F) = F equilibrium in the market for
foreign assets
where is the ratio of the money stock to the total supply of
domestic assets and D is the real value of domestic assets held
by the private sector. The Central Bank changes by domestic
open market operations and F by exchanging domestic assets
for foreign assets. The exchange rate is equal to D/D.
Diagram I illustrates the simultaneous determination of the
rate of interest and the real value of the stock of domestic
assets (and hence the exchange rate). The MM schedule is defined
by equation (8), and it implies equality of the demand for and
supply of money. It is downward sloping because the demand for
real balances is a decreasing function of the rate of interest.
The FF curve implies equilibrium in the market for foreign assets
(foreign exchange market). It is upward sloping because an in-
crease in the domestic interest rate increases the total demand
for domestic assets.
Diagram I
Momentary Equilibrium in the Asset Markets
)" D# p
real value of the stock of
domestic assets
interes
rate
The effects of various policies and shifts can be easily
analyzed with the aid of the diagram. The MM schedule is moved
by changes in real income and liquidity preference, and by open
market operations in the domestic bond market. The FF schedule
is moved by shifts in asset preferences between domestic and for-
eign assets, by changes in the foreign interest rate and exchange
rate expectations, and by an exchange of domestic assets for
foreign assets.
An increase in the money supply brought about by domestic
open market operations will shift the MM schedule to the left.
Ceteris paribus, the interest rate will decline and the exchange
rate will depreciate reducing the real value of domestic assets
(to r' and D' respectively in diagram I). Because the velocity
of money will decline the exchange rate will not depreciate in
proportion to the change in the money stock.
An exchange of domestic assets (with no change in the money-
debt ratio) for foreign assets with the private sector will shift
the FF schedule to the left (to F'F' in the diagram). The inter-
est rate will increase and the exchange rate will depreciate
implying a reduction in the real value of domestic assets. Be-
cause the velocity of circulation increases the exchange rate
will depreciate by a larger percentage than the increase in the
supply of domestic assets.
A spot market intervention involves an exchange of money
for foreign assets. A Central Bank purchase of foreign exchange
shifts the MM schedule to the left (M'M' in diagram II) and the
FF schedule to the left (F'F' in the diagram). The exchange rate
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Diagram II
The Effects of Spot Market Intervention
real value of the stock of
domestic assets
interes
rate
will depreciate and the interest rate will fall.3  Because of
the decline of the interest rate the exchange rate will depreci-
ate by less than the percentage change in the money stock.
The effects of an exchange of domestic securities for for-
eign securities (corresponding to forward market intervention
in the special case) are illustrated in diagram III. Because
the proportion of money in the total stock of domestic assets
decreases the MM schedule shifts to the right (to M'M' in the
diagram). The FF schedule shifts to the left because the supply
of foreign assets is reduced. The interest rate increases unam-
biguously and the real value of domestic assets declines implying
that the exchange rate depreciates.
The analysis implies that 'managed floating' does not re-
quire intervention in the spot exchange market. In the special
case when the interest rate parity obtains the spot exchange rate
can be managed, together with the domestic interest rate, by
simultaneous open market operations and forward market inter-
vention. If the interest rate parity does not obtain, forward
market intervention alone is not sufficient but has to be sup-
plemented by government borrowing and lending. s
The effect of an increase in the foreign interest rate or
in the expected rate of depreciation is to shift the FF schedule
to the left and thus to cause an increase in the domestic in-
terest rate and a depreciation in the exchange rate. Unless the
velocity of circulation is constant, the domestic interest rate
will not increase by as much as the foreign interest rate. An
Diagram III
The Effects of Forward Market Intervention
0' 
real value of
domestic assets
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increase in domestic income shifts the MM schedule to the right
causing an increase in the interest rate and an appreciation in
the exchange rate.
b. The Effects of Monetary Policy
Under Pegged Exchange Rates
The model developed above can be easily adapted to the analy-
sis of monetary policy under fixed exchange rates. The money mar-
ket equilibrium condition corresponding to equation (8) is now:
B cb10. m(r)Y = - + F
where Bcb is controlled by open market operations and P, the ex-
change rate is a fixed parameter.
The other equilibrium is that the total demand for domestic
assets equals the supply of domestic assets:
Dg  cb11. d(r - r* - 1) A = - + F (cf. equation 4)
The real value of financial wealth is now exogeneous because its
valuation does not change.
The simultaneous determination of the rate of interest and
the Central Bank's stock of reserves is illustrated in Diagram IV.
The MM schedule is defined by equation (10) and the F7 schedule
by equation (11). A domestic open market purchase will shift
the MM schedule to the left causing a decline in the domestic
interest rate and in the Central Bank's stock of foreign assets.
The magnitude of the offsetting decline in foreign assets depends
on the slope of the FF schedule. Empirical evidence provided in
Kouri and Porter (1974) and Kouri (1975) for a number of indus-
trial countries suggests that the FF schedule was quite flat
during the period of fixed exchange rates.
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Diagram IV
The Interest Rate and the Stock of Reserves
Under a Pegged Exchange Rate Regime
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c. The Balance of Payments
in the Short Run
We have analyzed the determination of the exchange rate with-
out any reference to the balance of payments. The traditional
theory of the foreign exchange market incorrectly views the ex-
change rate as a price that equilibrates the flow demands for
and supplies of foreign exchange. As will be demonstrated in
this paper, the link between the current account and the exchange
rate is that the exchange rate determines, ceteris paribus, the
current account and the current account determines the inflow or
outflow of capital thereby affecting the rate of change of the
exchange rate.
The trade account is equal to the difference between domestic
output and total absorption, and the current account is equal to
the sum of the trade account and the interest service account.
We assume that the domestic output is fixed by the constant
labour force which is fully employed. Private absorption equals
private consumption since there is no accumulation of real capi-
tal. We assume that consumption (C) is a function of real dis-
posable labour income and the real stock of financial wealth in
accordance with Modigliani's life cycle model of consumption:
12. C = C(Y - T, A)
where T is the real value of taxes. The current account is
therefore:
13. B = Y - C(Y - T, A) - G + r*(F + F b )
To complete the model we need to specify the behaviour of
the government. Government expenditure consists of the purchase
of goods and services (G) and the service of public debt. Since
proportion 4 of public debt is held by the Central Bank, the
interest service is r(l - f)D. Government revenue consists of
tax revenue (T) and interest income on international reserves
(r* FCb). The difference between expenditure and receipts is
the budget deficit which is financed by new debt issue:
14. D = G - P + r(l - 4)D - T . P - r* Fcb
The government can choose independently any two of the following
three variables: real expenditure (G), net tax revenue (T), and
the nominal deficit. We assume that the government fixes the
rate of growth of public debt (6 = PD), and the level of real
expenditure net of interest earnings on foreign exchange reserves.
We assume for convenience that the government spends all foreign
interest earnings. Net tax revenue is adjusted to maintain bud-
get balance. The endogeneous tax revenue function is therefore:
15. T = G' - [y - r(l- f)] D
where G' = G - r*F.
Substituting this in equation (13) we obtain the current
account or capital flow equation:
16. F = B = Y - C(Y - G' + [I - r(1- 4)] D, F + Dl - G' + i* F
Equation (16) together with equations (8) and (9), constitute
the temporary equilibrium model. The equilibrium is temporary
because the stock of foreign assets, the exchange rate and ex-
change rate expectations are changing.
Whilst the effects of various shifts on the interest rate
and exchange rate can be established without ambiguity, this
is not the case for the effects on the current account. Consider
first the effect of an increase in the stock of foreign assets
(F) on the capital flow account. At a constant interest rate,
and hence constant D, the effect on the capital flow account is
(-CA + r*)dF. If the propensity to consume out of wealth is less
than the foreign rate of interest an increase in the stock of
foreign assets will increase the current account surplus; which
implies that the balance of payments adjustment process is glo-
bally unstable, even with static expectations, at a constant
interest rate. We shall state this as:
Condition I: CA - r* > 0
Condition I does not rule out instability because of the
effects of changes in F on the rate of interest and the real
value of domestic assets. Since a decrease in the rate of in-
terest at a constant real value of domestic assets reduces the
current account surplus, thus reinforcing the stabilizing effects,
the problem lies with the effect of changes in the stock of
domestic assets on the current account. At a constant interest
rate the effect of changes in 5 on the current account is
(-CA + C [(1-) r - ]] d5.
If the expression in the brackets is negative, the wealth effect
of changes in D dominates the effect on consumption through in-
duced changes in disposable income. We state this as:
Condition II: CA - C 1(1- f)r - p] > 0
If both condition (I) and (II) hold the effects of all distur-
bances on the current account can be established without ambi-
guity. All the relevant multipliers are collected in Table I.
The signs for the effects on the current account assume that
conditions (I) and (II) hold.
It is important to distinguish between two types of shifts:
(i) shifts that affect either asset demands or current supplies
(stock shifts), and (ii) shifts that only affect absorption
(flow shifts). In the context of the model the latter shift --
exemplified by an increase in government expenditure, whether
financed by taxes or an increase in the growth rate of public
debt -- will have no effect on the current exchange rate with
exogeneous expectations. In time such shifts will, of course,
have an effect because the current account deficit or surplus
will change the supply of foreign assets. If speculators have
foresight these future changes in the exchange rate will be
immediately reflected on the current exchange rate, as will be
demonstrated below.
Another point that deserves emphasis is the distinction
between the effects of various disturbances on stock demands
for assets and their effect on the capital flow account. The
literature on flexible exchange rates invariably makes the mis-
take of reasoning, for example, that an increase in the domestic
interest rate brought about by domestic monetary policy generates
an inflow of capital, thereby appreciating the exchange rate and
forcing the current account into a deficit. The deficit in the
current account is a major channel through which monetary policy
affects aggregate demand in Keynesian models of flexible exchange
Table I
The Short Run Multipliers with Exogeneous Expectations
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rates. The error in this analysis is that it is not the oapital
flow account that determines the current account but exactly the
reverse. The correct reasoning is: monetary tightening increases
the interest rate and simultaneously appreciates the exchange
rate (with given expectations) to a point where financial mar-
kets are again in equilibrium. The appreciation of the exchange
rate increases real wealth and thereby, via an increase in absorp-
tion (if Condition II holds), causes the current account to move
to a deficit. This reversal of the chain of causation implies
that it is incorrect to argue that monetary policy affects aggre-
gate demand fast under flexible exchange rates because of its
immediate effect on the current account.via capital movements.
The effect on the current account is immediate if the effect on
aggregate demand is immediate. It is true that monetary policy
has an immediate effect on the exchange rate and thereby on
commodity prices.
Finally, once the effect of policy changes on exchange rate
expectations is allowed for, it is quite possible, for example,
that a tight monetary policy will cause the current account
to move to a surplus rather than a deficit. This occurs
when the long run wealth effect of the higher interest rate
dominates the substitution effect, and when speculators have
foresight (see Section
d. The Reduced Form Equations
It is convenient to summarize the results of this section
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by writing the momentary equilibrium values of the endogeneous
variables as functions of the exogeneous variables:
17. r = r( , r* + 7, Y, F)
(-) (+) (+) C-)
18. D = h(, r* + 7T, Y, F)
19. F = k(4, r* + T, Y, G, ~, F)
(+) (+) (+)(-)(-) -)
The signs of the partials are established in Table I, those for
the capital flow equation assume that Conditions (I) and (II)
hold.
III. The Stationary State
In the short run the stock of foreign assets is given, only
its domestic valuation can change. In the long run, it adjusts
through deficits and surpluses in the current account. In this
section we examine the determinants of the long run asset posi-
tions and the long run exchange rate path. Section V analyzes
the process of adjustment from the short run momentary equilibrium
to the long run stationary state.
The stationary state model consists of the following three
equations:
Md M
20. - m(r)Y money market equilibrium (of.
equation 8)
21. Fd = f(r - r* - ) (F + D) equilibrium in the market for
= F foreign assets (of. equation 9)
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22. Y - C(Y - G + (T -(l-#)r)D balance of payments equilibrium
F + D) - G = r*F (cf. equation 16)
These equations differ from the momentary equilibrium equations
only in that the rate of growth of public debt (p) and the ex-
pected rate of inflation (t) are now equal, and the rate of change
in the stock of foreign assets is set equal to zero. Assuming
again that the nominal supply of money is a constant proportion
() of the nominal stock of public debt, we can solve the money
market equilibrium condition for the rate of interest, and substi-
tute that in equations (21) and (22) to get two equilibrium condi-
tions in terms of the stocks of domestic and foreign assets:
23. D = h(P , r* + Tr, Y, F)
(-) (- ) (+)+)
24. 5 = f( , r*, i, G, Y, F)(-) (-) (-) (-) (+) (-)
Equation (20) defines the locus of D and F that imply port-
folio equilibrium. It is the same as before and it is illustrated
by the MM schedule in diagram V. Equation (21) defines the locus
of D and F that imply balance of payments equilibrium. It is
downward sloping if Conditions I and II hold -- an increase in
the stock of foreign assets, ceteris paribus, increases absorption
whence the real value of domestic assets must decline in order for
the balance of payments to remain in equilibrium. The signs of
the partials follow from Conditions (I) and (II). We assume
that equations (23) and (24) have a unique solution.
The intersection of the MM and the FF schedules (see diagram
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V) determines the stationary state values of the stock of foreign
assets and of the real value of domestic assets. The long run
exchange rate path is uniquely determined by the long run stock
of domestic assets:
25. In P(t) = InDo + jrt - InD
Inspection of equations (20) and (22) reveals that the long
run equilibrium values of the stock of foreign assets and the
real value of domestic assets do not depend on the (constant)
stock of foreign assets held by the Central Bank. This means
that a purchase of foreign assets by the Central Bank in the
amount X with domestic assets, and with no change in the composi-
tion of domestic assets, will be followed by a period of current
account surpluses adding up to exactly X units of foreign assets.
The only effect of the policy is to increase the exchange rate
in proportion.
The only other shift the effect of which can be established
without ambiguity is a tax financed increase (or decrease) in
government expenditure, since it only shifts the FF schedule (to
F'F' in diagram V) causing both the stock of foreign assets and
the real value of domestic assets to decline.
For all other disturbances, the diagram is not a very useful
tool for comparative static analysis because the disturbances
shift both schedules in such a way that the end result is ambigu-
ous. To get more structure into the model, we first examine the
effects of various disturbances on the stationary state when the
Central Bank pegs the nominal interest rate by open market opera-
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tions. In that case, we may solve the model for D and F in the
form:
26. D = d*(r, r*, 7T, Y, G)
(+) (?) -) (+)(-)
27. F = f*(r, r*, ff, Y, G)
(?) (+) (?) (+) (-)
These reduced form equations can be interpreted as the long run
asset demand functions.. The problem of indeterminacy of the
signs of the long run effects arises from the fact that domestic
and foreign assets need not be substitutes in the long run. The
reason for this is that an increase in the foreign interest rate,
for example, will have an effect on the long run stock of wealth
as well as on the division of that wealth between domestic and
foreign assets. If the elasticity of substitution is very low,
the wealth effect will dominate and an increase in the foreign
interest rate will increase the long run demand for domestic
assets. If the elasticity of substitution between domestic and
foreign assets is sufficiently high domestic and foreign assets
become substitutes and the long run effects of all disturbances
can be established without ambiguity. In order not to get in-
volved in an unproductive taxonomic exercise, we shall assume
that this is the case:
Condition III: d* < 0, f* < 0, f > 0
r* ' r i
Note that these conditions are not implied by the conditions for
stability under static expectations.
Assuming that Condition III as well as Conditions I and II
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hold, we may write the long run equilibrium interest rate, and
the stocks of domestic and foreign assets as functions of the
exogeneous variables:
28. r = 1"*(, r*, Tr, Y, G) (cf. equation 17)
(-) (+) (+) (?) (+)
29. 5 = h*(p, r*, ir, Y, G) (ef. equation 18)(-)(-) (-) (+) (-)
30. F = k*( , r*, r, Y, G) (cf. equation 19)
(+) (+) (+) (+) (-)
The only ambiguity is in the effect of an increase in real income
on the domestic interest rate: there will be an increase both in
the demand for real balances and in the supply of real balances
(see equation 8). Depending on the relative strengths of these
two effects, the interest rate will either decrease or increase.
Note that the 'flow variables' such as government expenditure
enter the long run reduced form equations whereas they do not
enter the short run reduced form equations.
IV. Exchange Rate Expectations and
Dynamic Stability
In this section we analyze the dynamic stability of the
balance of payments adjustment process under alternative assump-
tions about the formation of expectations.
a. Static Expectations
If people expect a constant rate of depreciation or appre-
ciation (equal to the rate of growth in public debt) Conditions
I and II guarantee the global stability of the stationary state
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since equation (21) becomes an ordinary differential equation in
F with 9F/3F everywhere negative. The economy is always on the
asset market equilibrium schedule (MM in diagram V). In diagram
V the arrows indicate the adjustment path in response to an in-
crease in government expenditure.
Whilst the static expectations path is stable, it is unlikely
that the economy will stay on it since the path implies that spe-
culators persistently ignore the deceleration or acceleration in
the rate of depreciation.
b. Myopic Perfect Foresight
The strong stability result that obtains in the case of
static expectations indicates that the question of dynamic sta-
bility hinges on the nature of speculative expectations. We show
in this section that myopic perfect foresight makes the exchange
rate indeterminate: from any initial exchange rate there is an
exchange rate and foreign asset path along which expectations
are continuously realized. No speculator is either losing or
making money. This problem has been raised by Black (1974) in
a somewhat different context. There is one path along which
the economy converges to the stationary state with expectations
continuously fulfilled provided that it gets on that trajectory
in the first place.
The dynamics of the adjustment process with perfect fore-
sight is defined by:
31. F = k(r* + 5-m, F) (cf. equation 21)
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32. X = h(r* + X-m, F) (cf. equation 20)
where X = InD and the rate of change in the exchange rate is
k - m. Solving this system of two equations for X and F as func-
tions of X and F we obtain:
33. F = a(X, F)
34. X = b(X, F)
where we have suppressed the other variables for expositional
convenience.
A sufficient condition for the stationary state (X*, F*) to
be a saddlepoint locally is that the eigen values of the Jacobian
are of opposite sign. That can be easily established to be the
case.
The dynamic behaviour of the real value of domestic assets
and of the stock of foreign assets with perfect foresight can be
analyzed with reference to phase diagram VI. The BB schedule is
defined by b(X, F) = 0. The stock of real balances is constant
on this curve, increasing to the left of it and decreasing to
the right of it. The AA schedule is defined by a(X, F) = 0,
and it implies a zero current account. The stock of foreign
assets is increasing to the left and decreasing to the right of
this curve. The fact that the FF curve is downward sloping is
implied by Conditions (I) and (II), and the assumption of a
unique stationary state. The FF schedule cuts the X-axis at
point F*, where the stock of foreign assets equals the station-
ary state stock of wealth.
The heavy arrow in diagram VII shows the trajectory along
which the economy converges to the stationary state.
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If the initial stock of reserves is Fo the correct initial value
for the stock of domestic assets is Do . If the exchange rate is
initially undervalued so that the real value of domestic assets
is too low (D' ) the exchange rate will, after a while, start to
depreciate without limit along the T'T' trajectory. The stock of
foreign assets will converge asymptotically to F = A* where A* is
the stationary state stock of real wealth. The stock of foreign
assets does not increase without limit because consumption is an
increasing function of wealth. All that happens is that people
shift from domestic assets into foreign assets in their portfolios.
If the exchange rate is initially overvalued so that the real
value of domestic assets is too high (D"o ) the exchange rate will
begin to appreciate without limit. Both the stock of foreign
and domestic assets will increase at first but after a while the
substitution effect induced by the appreciation begins to domi-
nate and the stock of foreign assets will go to zero in a finite
time.
It is clear from this discussion that the assumption of
myopic perfect foresight is not alone sufficient to determine
the exchange rate path. It seems reasonable to assume that
hyperdeflation must come to an end in a finite time when the
private sector runs out of foreign assets (point Q in diagram VI).
At that point, the speculative boom in the foreign exchange mar-
ket will suddenly collapse and the speculators will incur a
capital loss. If they have long run foresight, they will anti-
cipate the eventual outcome and prevent the hyperdeflation from
ever getting started. It is less obvious how hyperinflation can
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can be ruled out. One possible line of argument is that there
is always a minimum below which the stock of real money balances
cannot go -- for instance, because taxes must be paid in domestic
currency. If this is the case, speculators with long run fore-
sight will also prevent hyperinflation from developing by the
force of speculative expectations alone.
This question remains open. We shall assume in this paper
that speculators have long run foresight and rule out explosive
price paths. This assumption -- which is made in the recent lit-
erature on rational expectations (cf. Sargent and Wallace (1973) --
enables us to endogenize exchange rate expectations and link the
short run momentary equilibrium with the long run stationary
state.
c. Adaptive Expectations
With adaptive expectations, the dynamic evolution of the
economy is defined by equations (20), (21), and the expectations
equation:
35. r = B(-X + m - Tr)
where X and m are the same as before. If Conditions (I) and (II)
a sufficient condition for the local stability of the stationary
state is:
36. BE < 1
where cT = -lnD--/3 is the inflation elasticity of the reduced
form demand for domestic assets. If this condition holds, the
convergence to equilibrium is nonoscillating.
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V. The Adjustment Path
In this section we investigate the dynamic response of the
exchange rate and the balance of payments to monetary and fiscal
policy. We shall consider five types of shifts and in each case
compare the response pattern under the three alternative mecha-
nisms of expectations formation: static, adaptive and long run
perfect foresight. The five shifts that we consider are:
(a) an once-and-for-all purchase of foreign assets by the
Central Bank with no change in the composition of domestic assets
between money and bonds.
(b) an increase in the proportion of money in total debt.
(c) a tax financed, permanent increase in government
expenditure.
(d) an increase in the foreign rate of interest.
(e) an increase in the rate of growth of the stock of public
debt.
The long run and the short run effects with exogeneous expectations
of these shifts have already been established in Sections II and
III. The effects of various other shifts can be inferred from
the response to these five shocks.
a. Once-And-For-All Purchase of Foreign Assets
The effects of this policy are demonstrated in diagram VII.
The shift leaves the MM and FF schedules unchanged. The private
sector's stock of foreign assets is suddenly reduced to F '. With
static expectations short run equilibrium is reached at point Ao '
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with a lower stock of domestic assets. Thereafter the stocks of
foreign and domestic assets are increasing pari passu along the
MM schedule. The current account is in surplus and the exchange
rate is appreciating. Rational speculators foresee this possibi-
lity and cause the exchange rate to appreciate immediately from
the static expectations point A' . Thereafter the economy moves
much in the same way as with static expectations. It is worth-
while to note that if speculators have foresight they will cushion
the exchange rate against reversible shocks. With adaptive ex-
pectations, the adjustment path might look like trajectory T'T'
in diagram VII. It is quite possible that the persistence of
incorrect expectations will cause the exchange rate to overshoot
its long run path and then depreciate back to the correct level.
Such reversals are not possible either with static or rational
expectations.
In all cases, the exchange rate initially depreciates by
more than in proportion to the increase in the supply of domestic
assets. At the same time the domestic interest rate increases.
With rational expectation the increase is lessened by the ex-
pected appreciation of the exchange rate.
The response pattern of the exchange rate would be reflected
in the term structure of forward prices -- the prices of short
term contracts would increase by more, and the price of very
long term contracts by the same proportion that the exchange
rate will eventually depreciate. This means that if the economy
is constantly and stochastically disturbed by reversible shocks
of this kind the spot rate will be unstable and the long term
forward prices quite stable.
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b. An Increase in the Money-Debt Ratio
This shift will change the long run equilibrium position to
A'. With static expectations, the exchange rate will depreciate
sharply to force the real value of domestic assets down to B '.
This forces the current account to a surplus. Gradually, equili-
brium is restored through exchange rate appreciation and current
account surpluses which increase the stock of foreign assets.
Again rational speculators will cushion the impact effect -- the
stock of domestic assets reduces only to B ". A possible response
pattern with adaptive expectations is illustrated by the B 'TA'
trajectory. 8
c. A Tax-Financed, Permanent Increase
in Government Expenditure
The response to an increase in government expenditure, fi-
nanced by taxes is illustrated in diagram VIII. With static and
adaptive expectations, there is no immediate effect on the ex-
change rate because this flow shift does not affect the asset mar-
ket equilibrium. It is only gradually that the deficits in the
current account -- and, in the case of adaptive expectations,
the revision of expectations -- cause the exchange rate to depre-
ciate. With foresight, speculators capitalize immediately on the
future depreciation and cause an immediate devaluation of the
rate. The devaluation is not, however, large enough to turn the
current account into a surplus.
Diagram VIII
The Dynamic Effects of Tax-Financed
Increase in Government Expenditure
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d. An Increase in the Foreign Interest Rate
The effects of an increase in the foreign interest rate are
qualitatively identical with those of an increase in the money-
debt ratio and can be inferred from diagram VII and the discus-
sion in Section (b.
e. An Increase in the Rate of
Growth of Nominal Debt
In the long run, an increase in the rate of growth of public
debt will increase the rate of inflation by the same amount, re-
duce the real value of domestic assets and increase the stock of
foreign assets (if Condition III holds). The adjustment path is
radically different between the cases of adaptive and rational
expectations (assumption of static expectations obviously makes
no sense in this case).
The differences are illustrated in diagram IX. The station-
ary state equilibrium position shifts from point A to point A'.
If expectations are rational, the speculators force an immediate
devaluation of the exchange rate, which reduces the real value
of domestic assets to A '. This sharp decline in wealth out-
weighs the expansionary effect of higher rate of government
transfer payments (the mechanism, we should recall, whereby the
stock of public debt is increased) on absorption. Thereafter
the stock of domestic assets and of foreign assets increase
pari-passu with the exchange rate appreciating and the current
account in surplus.
With adaptive expectations, the response pattern is
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radically different. Initially, the higher rate of monetary ex-
pansion has no effect on the exchange rate because it does not
affect the asset market equilibrium. The current account moves
to a deficit. The deficit depreciates the exchange rate and
causes speculators to revise their expectations. It is only
when the substitution effect begins to dominate and the stock
of wealth has declined sufficiently that the current account
moves to a surplus and the exchange rate begins to appreciate.
Because the total effect of the shift is the same in both cases,
the period of surpluses must last long enough for the past
deficits to be made up.
The differences in the adjustment processes are further il-
lustrated in Figure I. The higher rate of monetary growth is
introduced at time to . With rational expectations, the exchange
rate jumps to P ' and thereafter at first appreciates back to
the trend and then increases steadily at the rate of growth of
the stock of domestic debt. With adaptive expectations, there
is no jump in the exchange rate. Instead, the rate of change
accelerates; the rate goes above the trend and appreciates back
to it. The same difference is reflected in the behaviour of the
current account (see Figure I (b), which is self-explanatory.)
VI. Concluding Remarks
In this section we summarize the main principles of the
approach to the monetary transmission mechanism under flexible
exchange rates advanced in this paper, and compare it with the
traditional analysis.
119
Figure I
Dynamic Response to a Higher Rate of Monetary Expansion
A. The Exchange Rate
+ ad4 'xpectations
new exchange
rate path
B. The Current Account
rational expectations
< adaptive expectations
q0
The
Rate
The
current
account
~I-)"c
~CL-L~~C
120
(i) In the short run the exchange rate is one of the prices
that adjusts to clear the international financial markets. The
immediate effect of changes in monetary policy is to change the
interest rate and the relative prices of existing assets -- such
as the exchange rate. These changes have effects on aggregate
demand, prices, output, and balance of payments through various
channels: (a) by changing the real value of financial assets
(this is the sole effect in our simplified model); (b) by
changing the rate of interest, and the relative price of repro-
ducible capital, and thereby the level of investment and pos-
sibly (c) by changing relative commodity prices and real wages
(this is the only effect of exchange rate changes in the tradi-
tional models).
(ii) The link between monetary policy and the capital flow
account goes through the effect of monetary policy on aggregate
demand and output via the channels described above; and
thereby (in line with the absorption approach) on the current
account, which determines the capital account. This chain of
reasoning is invariably and incorrectly reversed in the tradi-
tional analysis, which argues as follows: a tightening of mone-
tary policy will increase interest rates. This causes an inflow
of capital, which forces an equal deficit in the current account
by appreciating the exchange rate. The change in the current
account is the main channel through which tight monetary
policy affects the level of income on the Keynesian models of
an open economy under flexible exchange rates. This interpreta-
of the transmission process has given rise to the false presump-
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tion that monetary policy affects aggregate demand fast because
of its immediate effect on the capital account -- and hence the
current account. The correct reasoning is, of course, that
monetary policy has an immediate effect on the current account
if it has an immediate effect on absorption or output.
(iii) The flow model of the foreign exchange market has
also given rise to a number of other confusions. One of these
is 'elasticity pessimism' which arises from the assumption that
the 'balance of lending' is determined independently of the cur-
rent account and the exchange rate. This problem disappears
once it is recognized that the exchange rate is determined in
the asset markets and that the current account determines the
capital flow account.1 0
Another confusion which disappears with the new view of
exchange rate determination is that the 'stock shift' component
of capital movements will cause large reversible variations in
the exchange rate and the current account.
(iv) The view of the exchange rate as a relative price of
monies suggests that in a world in which the underlying deter-
minants -- monetary and real -- of the exchange rate are continu-
ously and stochastically changing, there is no reason to expect
the exchange rate to be stable. In fact, its behaviour is likely
to resemble the behaviour of asset prices in other speculative
markets, such as the stock market. The model developed in this
paper suggests that the spot exchange rate will contain a transi-
tory component reflecting the short run adjustment process. This
transitory component has less and less effect on long term forward
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prices which, if the theory is correct, should show much less
variability.
(v) On the methodological side, this paper has shown that
with long run foresight, the effects of various shifts on the
exchange rate and the current account in the short run, as well
as the nature of the adjustment process, can be inferred from
the long run stationary state effects.
(vi) Finally, the model can be extended in a straightfor-
ward manner in a number of directions. The only point that needs
to be made here is that with more than one country and with many
commodities, the asset markets and the commodity
interact in determining the exchange rate. Furthermore, the
link between the current account and the exchange rate in a world
model would be the redistribution of wealth implied by current
account surpluses and deficits and the fact that asset
sumption preferences are likely to differ between countries.
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Footnotes for Chapter III
1 See also Sohmen 19691, especially Chapter V and a representa-
tive textbook treatment in Stern (1973Y, Chapter 10.
2 The seminal contribution on the portfolio balance approach is
in McKinnon and Oates (1966). See also McKinnon (1969) and
the recent papers of Branson (1974) and Myhrman (1975).
Swoboda (1972) discusses the differences between the short run
and the long run effects of policies under fixed exchange rates.
He calls the short run equilibrium position a "quasi-equilibrium."
This corresponds to what we call a momentary equilibrium. Use-
ful references are also Dornbusch (1975), and Frenkel and Rodriguez
(1975) which analyze the short run, and the long run effects and
the adjustment process under fixed exchange rates. There is
an analogue to the short run and long run models of open econ-
omies in closed economy models of fiscal policy. For a recent
paper on this, see Blinder and Solow (1973). Brunner and
Meltzer (1974) analyze the interaction between budget deficits
and balance of payments deficits.
3 This result can be established from Table I by setting Dd4 equal
to minus dF.
4 This result can also be established from Table I by setting dF
equal to (l-p)dD - Ddp.
5 Our analysis of the effects of forward market intervention dif-
fers from that in the traditional literature, exemplified by
Tsiang's (1958) seminal contribution, in that the forward pre-
mium (which is equal to the interest rate differential) as well
as the spot exchange rate is determined in the asset markets
rather than in the 'flow' market for foreign exchange. The
flow model of the foreign exchange market is particularly un-
suitable for the analysis of external monetary policy, in that
one does not usually think of monetary policy in terms of rates
of change of Central Bank's open market portfolios.
6 The distinction between the short run and long run asset demand
functions is the same as the distinction between the short run
and long run demand for money functions emphasized by Archibald
and Lipsey (1958).
7 This condition differs from the stability condition in Cagan's
model of hyperinflation only in that s is a reduced form
elasticity, rather than the elasticity of money demand with
respect to inflation. On this point, see also Mussa (1973).
8 If condition III does not hold, the current account may instead
go to a deficit in response to expansionary monetary policy.
This is because the long run stock of foreign assets will be
less, and this requires a period of current account deficits
in the transition to new equilibrium.
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9 Models that assume 'infinite capital mobility' get away from
the stock flow problem of exchange rate determination by
assuming, in Keynesian models, that the exchange rate does
not effect asset demands. In that case, the money supply
determines output (velocity being exogeneous) and the exchange
rate equilibrates aggregate demand with aggregate supply.
There is no difference between the short run and the long run
in these models because the change in asset supplies implied
by current account surpluses or deficits has no effects on
anything.
10 A condition on elasticities is still required for the dynamic
adjustment process to be stable in the long run. If price
elasticities are very low it is possible that an increase in
the stock of foreign assets will improve the current account, in
which case the economy would never converge to a stationary
state. Short run inelasticities of commodity demands are not a
source of concern once the asset market n ture of exchange rate
determination is recognized.
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Chapter IV
INTERNATIONAL INVESTMENT AND INTEREST RATE LINKAGES
UNDER FLEXIBLE EXCHANGE RATES
I. Introduction
This chapter investigates the interdependence of national
financial markets under the regime of flexible exchange rates in
the framework of a general equilibrium model of the international
capital markets. It is assumed that all financial assets, except
money, are traded in the international financial markets in which
transactions costs and other impediments to trade are small enough
to be ignored. Money is used only in the country in which it is
issued. There is no international money in the narrow sense of a
medium of exchange, nor are different monies substitutable in
domestic transactions. It is implicitly assumed that internation-
al transactions are largely settled by credit amongst trading
partners so that the net demand for transactions balances in in-
ternational trade is insignificant. This assumption also assumes
away the potentially important problem of Gresham's Law -- the
problem of coexistence of more than one money. This problem is
deep enough to warrant a separate investigation. Furthermore, we
are forced to use a rather crude method of deriving the demand
for money -- that approach would be much more difficult to apply
with many monies. Investors are, however, free to borrow and
lend in any currency of their choice -- the holdings of foreign
assets thus reflect portfolio motives rather than transactions
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demand for international reserves.
The model assumes that the exchange rates between currencies
satisfy the purchasing power parity equation. The relative prices
of commodities are assumed to be fixed.' Underlying this is the
assumption of full employment and flexible prices.
It is further assumed that there is one country -- the center
country -- that has settled on a fully anticipated path of infla-
tion. The real rate of interest in that country is assumed exogen-
eous. International arbitrage ensures that the same real rate
will prevail in all countries -- in this respect there is no auto-
nomy despite flexibility of exchange rates. The interest rates on
bonds denominated in different currencies may, however, differ be-
cause of differences in inflation rates. If inflation rates were
deterministic, the nominal interest rates on bonds denominated in
different currencies could differ only by the expected change in
the exchange rate (with transactions costs there would be a neu-
tral band of interest rates within which no arbitrage opportuni-
ties would arise). These interest rate parity equations no longer
hold with uncertainty and risk aversion. It is shown in the paper
that in addition to the expected change in the exchange rate, the
interest rate of a periphery country differs from that of the
center country by a variance term and a currency premium that is
a compensation for the systematic inflation risk of the currency
of that country. It is shown that this currency premium can be
changed by monetary policy and by changes in the distribution of
wealth between countries. Furthermore, if the rates of inflation
are correlated with the real returns on equity the difference in
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interest rates will also depend on the average real return on
capital assets. These implications of the analysis demonstrate
that changes in nominal interest rates between countries in ex-
cess of changes in exchange rate expectations are not in any way
inconsistent with complete integration of the financial markets.
It is also shown that unless the demand for money is completely
interest-inelastic, interest rate differentials will not complete-
ly adjust to changes in the expected rate of inflation.
Forward markets in currencies are not introduced explicitly --
there is no need to do so since there are bond markets in every
currency. As Kindleberger (1975, Appendix F to Chapter 17) has
emphasized, the forward market is related to the spot market by
arbitrage once the interest rates are given; except for transac-
tions costs or other risks, the forward premium and the interest
rate differential must be equal.2 The results of the analysis
can be directly applied to some questions discussed in connection
with forward markets -- for instance, that the forward premium is
not related in any simple way to the expected change in the ex-
change rate.
Another important implication of the analysis is that if
there is no correlation between inflation rates and real equity
returns, the control of nominal interest rates does not enable
the periphery countries to have any effect on the required real
returns on risky capital (the cost of capital) which only depend
on the exogeneous real interest rate and on the real returns on
other capital assets.
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The plan of the paper is as follows. The next section
develops the underlying model of portfolio selection and money
demand by using the approach developed by Merton (1969, 1971,
1973) and applied to international capital markets by Solnik
(1973, 1974). The only novelty there is the explicit introduc-
tion of money in a manner suggested by Sidrauski (1967) amongst
others in a deterministic context. A reader who is not inter-
ested in techniques can go directly to Section III that derives
the equilibrium interest rate relationships. Section IV analyzes
the effects of monetary policy and other shifts in more detail
in a two country version of the model. The concluding section
discusses the limitations of the model and suggests directions
for further research. Whilst no empirical testing is undertaken
in this paper, there are a number of testable implications and
the results do resolve some puzzles observed by other researchers.
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II. The Model
The world economy consists of n countries each with its own
currency. Currency is used only in the country in which it is
issued -- it is thus a nontraded asset. The implicit assumption
is that international transactions are settled by credit amongst
the trading partners -- a feature not much unlike actual practice.3
Each investor is, however, able to lend and borrow in any currency
of his choice. In line with the standard assumptions of the
models of capital market equilibrium I shall assume away trans-
actions costs or other causes of differences in borrowing and
lending rates; I shall also assume away the problem of default.
These assumptions imply that the only attribute that distinguishes
one bond from another is its currency denomination. An example
that approximates this assumption might be the deposits and loans
in the Eurocurrency markets. In addition to bonds investors may
buy and well equity in every country. For convenience but with no
loss of generality it is assumed that there is only one equity in
each country. Short sales in equity are allowed. Equity can be
interpreted quite broadly in the analysis -- for instance, it can
be thought of as holdings of gold or inventories of primary commo-
dities.
There are altogether 3n assets that are traded in the finan-
cial markets and 3n-1 relative prices that are determined by the
conditions of asset market equilibrium, namely, n interest rates,
n equity prices and n-l exchange rates between currencies. It is
assumed that the asset markets are always in equilibrium.
The only novel feature in the analysis of investor behaviour
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is the introduction of money, although admittedly in a rather
crude way. It is clear that it does not make much sense to talk
about exchange rates in a model in which money does not appear,
since the exchange rate is a relative price of one money with
respect to another. It is assumed that investors derive utility
from the stock of real balances they hold as well as from con-
sumption. The approach is the same as that used in a determinis-
tic context by Sidrauski (1967) and in a stochastic model by Dixit
and Goldman (1970). The aim of each investor is to maximize the
expected value of discounted utility over an infinite time horizon
subject to the wealth constraint and stochastic returns to be spe-
cified below.
II-1. Price and Exchange Rate Dynamics
It is assumed that the center country, taken as the nth
country, has a certain rate of inflation (In) fully anticipated
by everybody. The reason why Tn is assumed to be deterministic is
to have one asset with a known real rate of return. This assump-
tion simplified the analysis although it is not critical for the
main results.
The assumption implies that the price level (Pn) in the n'th
country behaves according to:
dPn
1. -n = r dtP n
n
The other countries can maintain an inflation rate different
from Tn by allowing their exchange rate vis'a vis the currency of
the n'th country to change. Ignoring the problems that arise from
changes in relative prices, in particular between tradable and non-
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tradable goods, we assume that the price level in country i, (Pi),
is determined by the purchasing power parity equation:
2. P.= E . P1 ni n
The dynamics of the exchange rate is given by:
dEn3. ni = edt + a.dui , i = 1,. . ., n-1
E . 1 1
where dui is a Wiener process or Brownian motion. The meaning of
continuous stochastic processes like (3), known as Ito processes,
in the context of portfolio theory is discussed in Merton (1971)
and Fischer (1975). Briefly, (3) implies that over a short time
interval, the proportionate change in the exchange rate is normal
with mean e.dt and variance a2dt. Also, (3) implies that the ex-
1 1
change rate follows a random walk and is log-normally distributed. 4
Furthermore, the stochastic component of (3) is serially uncorrelat-
ed no matter how short the time interval.
Using Ito's Lemma 5 we can obtain the dynamics of inflation in
country i:
dP.4. - (n + ei) dt + b.du., i = i,. . ., n.P. n 1
The economic rationale of these equations is the following.
Each country has settled on a certain rate of inflation, which
varies stochastically around its mean. The market participants
have learned the mean rate of inflation as well as its variance.
They are right on an average, although they may be in error in any
given period. These assumptions correspond to what McKinnon (1971)
calls the Fisherian model. The exchange rate adjusts continuously
to enable the countries to maintain divergent rates of inflation.
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1I-2. Asset Return Dynamics
The nominal return on bonds is known with certainty. It is
assumed that market participants expect the nominal interest rate
to remain constant -- otherwise we would have to deal with the
difficult problem of term structure of interest rates. Let B.
be the nominal value of bonds of country j held by an investor in
country i. The real value of this investment is B3 multiplied by
the exchange rate (Eji) and divided by the price level in country
i (Pi). By the purchasing power parity equation, this is simply
B divided by the price level in country j (Pj). Thus the real
return on a bond denominated in currency j is the same for all
investors; it is the nominal return plus the expected change in
the price of money (inverse of the price level) in country j. In
addition, there is a stochastic component reflecting unanticipated
inflation in country j. More formally, if B, is the real value of3
bonds denominated in currency j it changes stochastically according
to:
5. dB.
= (R - . + a ) dt - adu,, j = 1,..., n
Since there is no unanticipated inflation in the n'th country, an
is equal to zero.
Money differs from bonds only in that its nominal return is
equal to zero. Therefore, the real value of money of country j
(Mj) changes stochastically according to:
6. dM 2
= (-r. + a.) dt - ai du, j-l,. .. , n
J
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The similarity between (5) and (6) will prove useful below.
It is assumed that the return to equity accrues in the form
of capital gains or losses. A detailed discussion of this approach
is given in Merton (1973); it amounts to assuming that the firms
distribute dividends by buying back their shares. The real price
of equity, qi, i = 1,. . ., n, is assumed to change according to:
8. dq.qi = a.dt + s.dz., i - 1,. . ., nqi
1I-3. The Budget Equation
At each moment an investor in country i is constrained by the
wealth constraint:
M. ZBi
9. Wi = - + _ + EK qjP. P. j J
where Wi is the real stock of wealth and Mi is the nominal stock
of money, and all other variables are as defined above. At each
instant the investor chooses the composition of his portfolio and
the rate of consumption. Once these decisions are made the stock
of wealth changes stochastically according to:
10. dW = M d( ) + EB d(1  + BR.dt + ZK dq. - Cdt
Pi j 3
A detailed derivation of this equation is left out, since its in-
terpretation is obvious. The first part on the right hand side
represents income accruing to wealth; that income takes the form
of capital gains and interest payments on bonds. The difference
between income and consumption is saving which is exactly what
the equation says. Substituting from above, we may write equa-
tion (10) in the more convenient form:
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M. 2 B.
11. dW i(~)(-Tj + - r )  )(r - r ) + K.( ' - r )
Pi I n P j n nM. B,
+ Wr ] dt - Cdt - (-L) a.du. - E(-2) y du + EK.s.dz.
where
r = R. - . + J (j = i,. . ., n-l) and r = R - n
II-4. The Investor's Choice Problem
It is assumed that each investor chooses that consumption and
portfolio strategy that maximizes the expected value of utility
from the program over an infinite time horizon. The instantaneous
utility is assumed to be a strictly concave function of consumption
and the stock of real balances. The choice problem for a typical
investor in country i is thus:
M.
12. MaxE t'U(Ci, 1) e-PTdt
t i
subject to the budget constraint (9).
The problem is solved by the technique of stochastic dynamic
programming. Define:
13. J(Wi , t) E MaxE tU(C , M1 ) e-Pdt
l t
subject to the same constraint as above. The detailed derivation
of the fundamental equation of optimality is left out. After some
manipulations, it can be written in the form (the subscripts and
superscripts are left out for clarity):
M PT W-mR.+ b'r+ k' + r n14. 0 - Max {UIC, -] e- + J + J W-mR. + b'r + k'a + r J CP t w 1 n w
1 2+ Jw W  b'Ob + k'Sk + 2b'Fk]}
where
m = proportion of wealth invested in money I ()/W].
b = column vector whose i'th component is b. + m. and other
components b., the proportion of wealth invested in j'th
:3
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bond, j = 1,. . ., n-l.
k = column vector whose typical element is k.; proportion of
wealth invested in j'th equity, j = 1,. ., n.
r = column vector of excess returns on bonds whose typical
element is R. - f. + o2 - R + ff
3 3 j n n
a = column vector of excess returns on equity whose typical
element is a - Rn + n .
Q = (n-l) x (n-l) variance-covariance matrix of inflation
rates.
S = n x n variance-covariance matrix of equity returns.
F = (n-l) x n variance-covariance matrix of inflation rates
and equity returns.
This is now a standard optimization problem which is unconstrained
because the safe asset has been eliminated by the wealth constraint.
The first order conditions are:
15.1 UC = JC w
15.2 U + R.J
15.3 J W +J ww 2 b + rk] = 0
15.4 J Wa + J W2 [Sk + P'b] = 0w ww
These conditions are also sufficient because of the assumed strict
concavity of U(C, 7).
II-5. The Optimal Portfolio
From 15.1 to 15.2 we obtain immediately the result:
16. Uc = ((-) U
1
This equation simply says that the marginal rate of substitution
UM
between money services and consumption (-) should equal the rela-
C
tive price, namely, the rate of interest. Thus the demand for
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money can be written as a function of only the desired consumption
and the nominal rate of return on short term bonds. The intuitive
reason for this result is that money and bonds have identical risk
characteristics. The result does not depend on the assumption
that there is no (unanticipated) inflation. In particular, if we
assume that U(C, M) is a homogeneous function of C and M, the
demand for money function can be written in the familiar liquidity
preference form:
M.
17. = v(Ri ) C
Consider first the case in which equity returns are not cor-
related with the rates of inflation. In that case the equilibrium
portfolio proportions are given by:
-l18.1 b = aQ- r
-l18.2 k = aS -la
where a = -Jw/WJWW as the Arrow-Pratt measure of relative risk aver-
sion. The noticeable feature of these results is that the propor-
tion of wealth invested in equity does not depend on exchange rate
(inflation) risk. 6 Similarly, the composition of the bond port-
folio only depends on the real returns and risk attributes of bonds.
Also, the usual separation theorem holds -- the composition of the
portfolio of risky assets is the same for all investors who have
homogeneous expectations. The other interesting feature of these
results is that for investors of country i, money and bonds can be
aggregated into a single asset the demand for which depends on the
same variables as that for any other asset. This means that domes-
tic residents always "hedge" their holdings of money balances by
borrowing an equal amount in local currency. Complete hedging is
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possible because money and bonds have identical risk characteris-
tics. 7 This result would not obtain -- nor would equation (16)
above -- if there were no short term asset with a riskless nominal
return.
11-6. The Consumption Function and the
Demand for Money Function
A complete solution to the choice problem is obtained by spe-
cifying the utility function and solving for the consumption and
demand for money functions. Whilst this can be done in more gen-
eral cases, I shall assume that the utility function is of the
form:
19. U(C, M) = alog C + (l-a)log ( )
Using this and the first order conditions, one can rewrite (14) as
a partial differential equation in J which can be easily solved. 8
Using the first order condition (15.1) and equations (16) and (19)
one obtains the simple and familiar result that consumption is a
constant proportion of wealth:
20. C = cW
where
c = ap
The consumption propensity depends only on the rate of time pre-
ference and parameter a. The economic meaning of a is the follow-
ing. At any given instant total consumption is the sum of the
consumption of commodities and the consumption of 'money services',
which is assumed to be proportional to the stock of money (there
is no harm in making that proportion equal one). Total consumption
138
expenditure is then C + R . The proportion of the consumption
of commodities is C/(C + R ) = C/C = . Thus equation (20) also
implies that the total consumption propensity is equal to the
rate of time preference.
From (16) and (20) we get the demand for money function:
d
21. i _ 121. i m(R )W = () cW
P. 1 R.1 1
The demand for money depends on permanent income or wealth rather
than current income, the reason for this being that consumption
depends on wealth rather than income.
III. The Equilibrium Yield Relationships Amongst Assets
III-1. Equilibrium Returns on Equity
Assuming that investors have identical expectations we can
now derive the equilibrium relationship between expected returns
on equity in different countries. The total demand for equity
for country i is given by:
22. Kd = (Ekh.h)ES -1 (e. - R - r ) K.qi
i 1 .j j n n 1i
where K.q.i is the market value in real terms of the existing sup-
ply of equity. Let V be the market value of all stocks and let
V. be defined by K.iq = v.V. Substituting this above we obtain:
23. . - R - = KACw.S.. = KAsi2 n n j 13 iM
where
A = 1/(EkWh)
SiM is the covariance of the return on the i'th security with the
return on a portfolio consisting of all stocks with the share of
each security corresponding to its share of the total market value
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(the so-called market portfolio). Multiplying both sides of equa-
tion (23) by w. and adding up we get:3
24. M - R - = KAsMM n n M
where s is the variance of the return on the market portfolio.
Combining these two equations we obtain:
25. ~- r = (a - rn i(a - rSM
M
where
rn = Rn - n
This is the standard security market line equation which states
that investors are compensated in terms of expected return for
bearing systematic (market) risk. (aM - rn)/sM is often called
the market price of risk and accordingly SiM is defined as the
systematic risk of security i. The important implication of this
result from the viewpoint of the theory of flexible exchange rates
is that as long as the purchasing power parity holds and there is
no systematic relationship between inflation rates and equity re-
turns the flexibility of the exchange rates in no way alters the
equilibrium relationships between returns on risky capital. In
this sense, there is no more monetary autonomy under flexible
exchange rates than there is under fixed exchange rates under
similar circumstances.
In particular, a small economy that is extensively integrated
into the world commodity and capital markets (for instance a
state in the United States) cannot insulate itself by simply hav-
ing its own money. The relative prices of commodities continue
to be determined in the world market. Similarly, the real
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interest rate and the required rates of returns on risky capital
are given exogeneously.
If there is a systematic relationship between equity returns
and the rates of inflation, the effect of changes in nominal
interest rates on equity returns can be of either sign depending
on the signs and magnitudes oftthe covariance terms. For example,
it is quite possible that domestic bonds and equity are comple-
ments rather than substitutes in the portfolio of investors.9
111-2. Equilibrium Relationships Between Interest Rates
Flexibility of exchange rates permits, however, differences
in nominal interest rates between various countries. A common
hypothesis about interest rate differentials is that the interest
rate differential can be attributed to the expected percentage
change in the exchange rate. There is one case in the model devel-
oped above in which the expectations hypothesis is (almost) correct.
This is when there is no net outside supply of bonds in any cur-
rency. To demonstrate this, consider the total demand for bonds
denominated in currency i:
d d sB M B
26. i h h 1 -li B n26. (Zah W ) r. - i = 1r. . . n-
P1 13 3 Pi Pi I
The right hand side is the net supply of bonds to the private sec-
tor. It is equal to the outstanding stock of government debt (B )
less the amount held by the Central Bank. Assuming that the Cen-
tral Bank changes the money supply by open market operations in
bonds that is equal to the nominal supply of money. We can
therefore rewrite (26) in the form:
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d GB B2 hh) -l i
27 - (Eah hr. - ,i = 1,. . ., n-1Pi j i
An immediate implication of this is that if the supply of govern-
ment debt is zero, or if the government chooses the composition
of its debt according to the same criterion as the private sector,
the expectations hypothesis is valid. In other words:
2 228. R R = a c r228. R. - R = '. - - a. = e. - a., i = 1,. . . n-11 n 1 n 1 1 1
The difference in interest rates between countries i and n is
equal to the expected change in the exchange rate corrected for
the variance term. The reason why the variance term appears in
equation (28) is that the expected change in the purchasing power
of money (inverse of the price level) is not the same as minus
the rate of inflation. As an illustration, consider the follow-
ing example? 0 The price level today is equal to one, and it is
1.6 with probability 0.5 and 0.4 with probability 0.5 tomorrow.
The expected rate of inflation is obviously zero (the expected
price level being 1.6 x 0.5 + 0.4 x 0.5 = 1). However, the ex-
pected real return on money is the expected value of 1/P 2 - 1
where P2 is the price level in the second period. That is equal
to 1/0.64 - 1 = 53%. There is no expected inflation but yet
money has a large expected positive return. It turns out that
in the continuous time case the difference between the mean rate
of inflation and the mean rate of change in the purchasing power
of money is equal to minus the variance of inflation.
In general, however, the expectations hypothesis does not
hold. If there exist net supplies of bonds exogeneously given
to the private sector interest rates on assets will contain a
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premium (or discount) in compensation for the systematic risk
that the holders of these bonds must bear. This currency premium
can be interpreted as a 'habitat' effect on interest rates in that
there are some market participants who have a 'strong preference'
for particular currencies, e.g., governments who issue debt in
their own currency. The exogeneous supply could also be inter-
preted as the net supply (demand) of bonds by investors who only
hold a few assets and do not operate in the international capital
market in the same way as the rational investor described in the
model.
In the same way as in the previous section, we can derive
the required compensation in terms of expected return for invest-
ors to hold the existing supply of bonds denominated in various
currencies:
iM29. r. - r = (r -(-) (r - r), i = ,. . ., n-
I  nM n) M
where r. is the expected real return on bonds denominated in the
i'th currency, rM is the weighted average real return on all bonds
(each bond yield weighted by the market share; in the standard
terminology rM is the expected real return on a market portfolio
of bonds). As before, oiM is the covariance between the expected
return on the i'th bond and that on the market portfolio of bonds,
2
and aM is the variance of the return on the market portfolio.
The difference in nominal interest rates is accordingly:
30. R. - R = e. - a2 + b.(r - r ), i = 1,. . ., n-l1 n 1 i i M n
In addition to the expectations term, the interest rate differen-
tial contains a premium for the systematic inflation risk. This
premium is neglected in the traditional interest rate parity
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calculations. 1 1 Since the forward premium on the i'th currency
is equal to the difference in nominal interest rates in the ab-
sence of transactions costs equation (30) provides yet another
demonstration that the forward premium is not an unbiased pre-
dictor of the change in the exchange rate.'2 Equation (30)
also implies the possibility that a country with a depreciating
exchange rate will have a lower interest rate than that in the
center country -- this happens when the inflation rate in country
i is negatively correlated with the average inflation rate in the
world (which implies that bi is negative).
IV. Monetary Policy, Expected Inflation
and the Rate of Interest
This section analyses the effects of monetary policy and ex-
change rate expectations in more detail. Since equation (34)
obtains in general the effect of monetary policy is to change the
'currency premium' via changes in the b coefficient and the aver-
age return on the market portfolio of bonds. For simplicity, it
is assumed that there are only two countries -- a center country
(denoted by an asterisk) and a 'periphery' country. The real rate
of interest in the center country is exogeneously given as before.
There are three assets in the periphery: money, bonds, and
capital, the latter two of which are internationally traded. The
first equilibrium condition is that the demand for and the supply
of money are equal:
M M31. p m(R)W =
The second is that the net demand for government debt equals the
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outstanding stock:
Bd 2 2 BG32. - d(R - R* - - + a a ) (W + W*) =
where
2 2 1 2
d(R - R* - 7 + a , ) = -2 (R - R* - v + 0 )
It is assumed for simplicity that the rate of inflation in
the center country is equal to zero. The demand functions can be
aggregated since in the framework of the model the portfolio pro-
portions are the same for investors in the two countries. This
implies that the distribution of wealth between the two countries
does not depend on current asset values although it may change
over time if the saving propensities differ between the two coun-
tries. The underlying assumptions are that investors have inden-
tical expectations and the same degree of risk aversion, namely,
one. In general, the distribution of wealth will obviously be
endogeneous, and a complete macroeconomic model is required to
establish the determination of the aggregate stock of wealth and
its distribution. The following analysis would still apply ex-
cept that the distribution of wealth must be interpreted as an
endogeneous variable. Let then w be the proportion of world
wealth owned by investors of the periphery:
33. W = w(W + W*)
We can combine equations (31) and (33) to yield:
2 2
34. m(R) = wed (R - R* - T + 0 ,0 )
where is the ratio of the money stock to the total supply of
government debt. It is the variable that the Central Bank of the
periphery country controls by open market operations. The left
hand side gives the desired ratio of the money stock to wealth
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as a function of the rate of interest. The right hand side gives
the ratio of the money stock to wealth that is consistent with
equilibrium in the bond market. The two loci are depicted in
diagram I (MM and BB schedules respectively).
Consider now the effect of an increase in the supply of
money relative to the supply of government debt. The BB sche-
dule will shift to the right while the MM schedule will remain
unchanged. Assuming that there is no change in the expected rate
of inflation, the nominal interest rate will decline from R to
R' and the proportion of wealth in the form of money will in-
crease from m to m'.
Of particular interest is the effect of an increase in the
expected rate of inflation. It is often implied in the litera-
ture that this should increase the difference in nominal interest
rates by the same amount. It is clear from the diagram that un-
less the demand for money is completely interest inelastic, this
is not the case. The shift of the BB schedule to the left re-
sults in a higher interest rate and a lower proportion of wealth
held in the form of money. The magnitude of the decline in the
real return on domestic bonds depends on the interest elasticity
of the demand for money. This failure of the Fisher parity is
well known in the domestic monetary theory literature (see, for
example, Mundell [1971], Chapter 2).
An increase in the variance of inflation leaves the MM sche-
dule unchanged but shifts the BB schedule upwards. Therefore,
both the nominal and the real interest rate on the bonds of the
periphery country will rise.
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Diagram I
The Determination of the Rate of Interest
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To complete the analysis we need to consider the determina-
tion of the price level in the periphery country. With the nomi-
nal interest rate given by equation (33) the price level has to
adjust to equilibrate the demand for and the supply of money in
equation (30). The only open question is what determines the
world stock of wealth. In the special case of identical investors
we can answer this question without developing the complete macro-
economic model. Consider the condition of equilibrium in the mar-
ket for consumer goods:
35. C + C* = cW + c*W* = Ic + c* (1 - w)] (W + W*) = c(W + W*)
= Cs
where c is the average propensity to consume in the world, and Cs
is the total supply of consumer goods. Assuming that both coun-
tries produce two commodities -- the internationally traded con-
sumer good and a non-traded capital good -- the world supply of
consumer goods is a function of the relative prices of capital
goods as well as the stocks of capital in the two countries' 3
But we have already shown before that the demand for capital does
not depend on the interest rate in the periphery country. This
means that the prices of capital goods and hence the supply of
consumer goods are exogeneous to the small country at any given
instant. Therefore, by equation (35) the stock of wealth is also
exogeneously given.
We can, therefore, easily establish the effects of the three
shifts considered above on the price level (exchange rate) by
considering equation (31). An open market operation will increase
the price level but not in proportion because the nominal interest
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rate and hence the velocity of circulation will change. This
case of non-neutrality is, of course, well known in the litera-
ture (see, for example, Tobin 11972], page 861). An increase in
the expected rate of inflation will raise the nominal interest
rate and hence the velocity of circulation resulting in a jump
in the price level. An increase in the variance of inflation
will have the same effect since it increases the nominal rate of
interest.
All of these disturbances leave the relative price of capital
and hence the rate of investment unchanged. Furthermore, the
trade account will also remain unchanged since it is the differ-
ence between domestic consumption and the domestic supply of con-
sumer goods, both of which are unaffected by the shifts considered
above.
In summary, a country that is integrated into the world com-
modity and capital markets and is not large enough to affect rela-
tive prices in these markets Cin particular the real rate of
interest) will not increase its autonomy by allowing the exchange
rate to fluctuate except in terms of nominal magnitudes. Regard-
ing these we have shown that various neutrality postulates do not
in general hold: open market operations do not change the exchange
rate and hence the price level in proportion, an increase in ex-
pected inflation will lower the real interest rate on domestic
bonds. In addition we have, in this section and in the previous
sections, identified the variances and covariances of inflation
rates, the distribution of wealth and the composition of govern-
ment debt as important determinants of differences in interest
rates.
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It is also of interest to note that the above analysis can
be applied almost without alternation to the problem of indexa-
tion if the real interest rate in the center country is inter-
preted as the return on indexed bonds. In terms of that problem,
the analysis extends the work of Fischer (1974) by incorporating
money in an explicit way and also has a bearing on the issue
raised by Tobin (1971, Chapter 21, Section 4). Tobin points out
that open market operations in indexed bonds have a much more
powerful effect since real bonds are much closer substitutes to
real capital assets. In the above analysis, open market opera-
tions in nominal bonds -- which are close substitutes to money --
have no effect on the prices of real capital assets. If the
Central Bank of a periphery country would carry out open market
operations in indexed bonds there would be complete offsetting
in the same way as under the regime of fixed exchange rates with
open market operations in nominal bonds. The reason for this
offsetting is the fact that the periphery country is not large
enough to affect the world interest rate. In this sense there is
a complete symmetry between fixed and flexible exchange rates.
V. Concluding Remarks
V-1. Limitations of the Model
The analysis of this paper was built on a set of simplify-
ing assumptions which one obviously has to modify when analyzing
the actual behaviour of international financial markets. The
assumption of a given real rate of interest in the center country
is one of these. A complete general equilibrium analysis would
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allow for the endogeneous determination of the real interest rate.
Another problem arises if there is no riskless asset. In that
case the analysis of the paper, suitably modified, would still
apply. As is shown by Black (1972) and Merton (1972), the equil-
ibrium relationships between expected real returns would be modi-
fied only in that the real rate of interest would be replaced by
the expected return on a portfolio of all risky assets constructed
in such a way that its rate of return is uncorrelated with the
average market rate of return.
The effects of taxes on foreign investments could be incor-
porated into the analysis along the lines suggested by Black
(1974). If some financial assets were nontraded internationally,
again the analysis could be suitably modified. In that case, the
asset demand functions of investors in different countries would
obviously be different. Completely nontradable assets -- such as
human capital -- could also be incorporated into the model as is
shown in a different context by Fischer (1974). Mayers (1972)
analyzes the case of non-marketable assets in the context of the
standard mean variance model.
Aliber (1973, 1974a) has emphasized the political risk as an
important attribute of assets traded in the international finan-
cial markets. The risk of default because of bankruptcy is another
obvious factor explaining differences in interest rates.
Merton (1973) has shown how stochastic changes in the inter-
est rate and in the expected returns on assets can be handled in
the framework of the type of model and in this paper. The term
structure of interest rates and its relationship to the term
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structure of exchange rate expectations is obviously an important
area of research. Porter (1971) develops a model of the term
structure of interest rates in an open economy that is based on
the expectations hypothesis.
In this context one might also want to replace the random
walk hypothesis with alternative assumptions. For instance, a
more reasonable assumption about exchange rates might be that
there is some level or path around which the exchange rate fluc-
tuates. A treatment of portfolio problems with regressive and
adaptive expectations is given in Merton (1971, Section 9) and a
general discussion of the nature of speculative price processes
is given in Samuelson (1972, especially section 8).
Rather than assume given stochastic processes for exchange
rates and asset prices it would be desirable to derive these from
the stochastic processes of the exogeneous variables -- such as
money supply, productivity growth and so forth. For instance,
one might start by specifying some rules for monetary policy and
then examine the effects of these rules on the stochastic behaviour
of the exchange rates, assuming that expectations are rational.
Transactions costs have been introduced as an explanation of
deviations from the interest rate parity by Branson (1969),
Prochowny (1970), Frenkel (1973) and Frenkel and Levich (1975).
Transactions costs between countries introduce a "neutral band"
within which interest rate differentials do not give rise to
arbitrage. The available evidence suggests, however, that these
transaction costs are not very large in the foreign exchange mar-
kets or in the short term money markets. Aliber (1974, b) pro-
152
vides evidence that these costs have risen recently with the in-
creased variability in exchange rates.
The assumptions of full employment, flexible prices and the
purchasing power parity need to be changed when analyzing short
run movements in exchange rates. When the purchasing power par-
ity does not hold or when there are changes in relative prices
and consumption patterns differ between countries, the same asset
will yield different real returns to investors in different coun-
tries. There would be thus exchange risk in addition to inflation
risk. 14
V-2. Summary of the Analysis
This paper has identified the various determinants of differ-
ences in interest rates between countries under flexible exchange
rates. It has shown how these differences depend on the expected
rates of inflation and on the variances and covariances of infla-
tion rates. It has also shown that the expectations hypothesis is
not, in general, valid. Interest rate differentials contain a
currency premium which depends on the composition of asset supplies
and may, therefore, be changed by monetary policy.
The model was constructed in such a way that the central banks
of small economies had little freedom except with regard to nominal
magnitudes. Further research can proceed along two lines. One is
to recognize the various limitations discussed in the previous sec-
tion and to develop a complete macroeconomic model that would allow
for changes in relative prices of assets and commodities and also
would allow for unemployment. Another line of research is to pur-
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sue further the theme of integration of this paper by allowing
for the substitutability of monies. A complete substitutability
of monies would mean, of course, that the central banks would
not even have the freedom of pursuing different rates of infla-
tion -- the Gresham's law would obtain and monies of inferior
quality would completely lose their value.
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Footnotes for Chapter IV
1 The assumption of full employment and fixed relative prices is
not necessary for the purchasing power parity. The purchasing
power parity would also hold if all commodities were inter-
nationally traded and transportation costs were negligible.
For a discussion of the purchasing power parity (PPP) doctrine
see Yeager (1958), Balassa C1964), Samuelson (1964), Gaillot
(1970), and Holmes (1967). Holmes gives a favourable inter-
pretation of Cassel's pioneering work on the purchasing power
parity. The empirical evidence on the PPP is mixed. It cer-
tainly does not hold in the short run except in the trivial
sense that prices of standardized traded commodities in differ-
ent currencies obey the PPP (in a competitive market). Gaillot
concludes from his empirical study that PPP is a good approxi-
mation when explaining long run movements in the exchange rate.
2 In practice the forward premium (or discount) does not quite
equal the interest rate differential. One reason for the ob-
served differences is the cost of arbitrage: Frenkel and
Levich (1974) show that most observations on forward premiums
fall in the neutral band introduced by transactions costs.
Another reason is the fact that the supply of arbitrage funds
may be constrained by restrictions on borrowing. Also, if
bonds of different countries have different risk characteris-
tics apart from the currency risk one would not expect the
interest parity equation to hold (e.g., Aliber (1974)). A de-
tailed discussion of the interest parity equation is provided
in Officer and Willet (1970). See also Chapter V.
3 It has been commonly assumed that the U.S. dollar has served
as an international medium of exchange in the post-war period.
This view has been challened by S. Grassman (1973) who provides
empirical evidence that in the case of Sweden, Denmark and more
tentatively of the Federal Republic of Germany, "most transac-
tions are settled in the seller's or the purchaser's currency."
(Grassman (1971), p. 106).
4 More precisely, the mean and variance of the logarithmic change
in the exchange rate are given by:
Eni (t) 2
E log n )= (e - 1/2 c )t, and
o E .(0) i
E ni (t) Eni (t) 2
E [(log ( ) Elog ( 0) at, respectively.
155
s Ito's Lemma is sometimes called the Fundamental Theorem of Sto-
chastic Calculus. Let Y = FP,. . ., P nitl be twice continu-
ously differentiable, defined on Rnx[O, wl where P 's satisfy
the stochastic process:
1. i = O.dt + a dz., i = 1,. . n
P. 1 1 1.
1
Ito's Lemma states that the stochastic differential of Y is
given by:
n 2
n F F 2F2. dY E dP. + 2- dt + 1/2 E . dP dp1 dP i  at No 3PiPj j1 113 ij
The product dPidPj is defined by:
3.1 dz.dz. = pij dt, i, j = 1,. . ., n
3.2 dz.dz. = 0, i = 1i,. . ., n1 3
where pij is the correlation coefficient between the Wiener pro-
cesses dz. and dz . A further discussion of Ito's Lemma is
given in Merton (1971).
6 The general solution is:
[b k]' = aE- ( a)' where E rjF s
Since E.. can be of any sign domestic bonds and equity, for13
instance, can be either complements of substitutes.
Notice that this property is quite different from that usually
assumed in macroeconomic models of the IS-LM variety that aggre-
gate bonds with equity. If the short term interest rate moved
randomly in the model then the return to long term bonds would
be stochastic, and they should be included in the aggregate of
risky capital assets.
8 See Merton (1969, 1971) for a detailed derivation of the optimal
consumption-portfolio policy.
9 If the rates of inflation are correlated with the real returns
on equity the required expected return on equity depends also
on the returns to bonds. In that case equation C25) is re-
placed by 25':
I a. - rn = Bi(a - rn) + Yi(rM - r n)' i = i,. . ., n
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where rM is the expected real return on the market portfolio
of bonds. The Bi and Yi coefficients are defined by:
1 SiK 2 iB
1 2 2 2 ,and
1-p s K  1-p BK
1 S iB P 2 siK
Yi -_ 2 2 5 , where
1-p yB 1-p BK
p = correlation coefficient between the real return on
the market portfolio of equity and bonds.
BK = covariance between the same.
2
s = variance of the real return on the market portfolio
of equity.
a B = variance of the real return on the market portfolio
of (risky) bonds.
s. = covariance between the real return on equity i and
the market portfolio of equity.
siB = covariance between the real return on equity i and
the market portfolio of bonds.
If SiB and p are equal to zero, 25' reduces to equation 25.
If there is no safe asset the safe return rn in equations (25)
and (25') is replaced by the real return on a portfolio that
has zero correlation with the market portfolio of all assets
(say r*), the so-called 'zero-beta' portfolio (see Black (1972)
and Merton (1972)).
Solnik's equation for equity returns, (Solnik, 1973, page 32),
differs from equation (25) in that in his model the domestic
bond is a safe asset for domestic investors while it is not
safe for foreign investors. This is because Solnik assumes
that there is no unanticipated inflation despite the unantici-
pated movements in the exchange rate. A result of this assump-
tion is that rn is replaced by ri on the left hand side of
equation (25) and by rM on the right hand side.
0 I am indebted to S. Fischer for suggesting this illustration.
-1 If the rates of inflation are correlated with equity returns
equation (29) must be replaced by (29'):
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r. - r = b! (rM - rn} + ci C( - r), i = i,. . ., n-
1 1 n ) n
Coefficients b! and c. are defined by:
1 ' 2
1 aiB p 2 iK
1-p 2 B2  1-p 2 rBK
2
1 ciK 2 GiB
i 2 2 2 Kl-p sK l-p BK
2 2
where P, B , 'BK and sK are as defined in footnote (10) above
and:
.iK = covariance of the real return on bond i with the real
return on a market portfolio of equity.
iB = covariance of the real return on bond i with the real
return on the market portfolio of (risky) bonds.
(29') collapses to (29) if ciK and p are equal to zero. If
there is no riskless asset r is replaced by r* as defined in
footnote (10) above. In that case, equation 29' (or 29) applies
to the center country as well.
Solnik's equation (25), (Solnik 1973, page 37) appears similar
to equation (29) in our model in that it also contains 'a currency
premium' term. In his model the currency premium has to do with
the hedging of equity investments by borrowing in the currency
in which the equity is denominated rather than with the hedging
of the purchasing power risk of bonds.
12 Aliber (1974(a)) provides evidence that the forward premium is
not an unbiased estimate of the change in the exchange rate. He
interprets the difference as a measure of 'currency preference.'
In terms of our model, this is not quite correct for the differ-
ence also contains the variance term. Aliber's data seems to
indicate that the departure from the Fisher parity is greatest
for currencies with the most variable exchange rate. Irving
Fisher (1930, Chapter XIX) also analyzes the differences in
interest rates on bonds of different currency denomination. It
would be interesting to re-examine Fisher's long time series
data on the basis of our model.
13 The structure of a two sector macroeconomic model of this type
is thoroughly explained in Foley and Sidrauski (1971).
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14 Solnik's (1973, 1974) model contains no inflation risk, al-
though the exchange rate moves stochastically. This is strict-
ly speaking acceptable only if the investors only consume do-
mestic goods, the prices of which change in a foreseen way.
In our model, all goods are traded and hence a domestic cur-
rency bond is not necessarily any safer than a foreign cur-
rency bond.
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Chapter V
THE DETERMINANTS OF THE FORWARD PREMIUM
I. Introduction
This chapter develops a model of the forward exchange market
that departs in several respects from the 'modern theory' of for-
ward exchange, first formalized by S. C. Tsiang (1958).' The
main difference is that we view the forward contract as a finan-
cial asset, the rate of return of which is determined in the same
say as the rates of return of other assets, such as short term
bonds. There is an error in the existing literature on the sub-
ject in that the forward market is linked, through covered interest
arbitrage flows, to the flow supply of and demand for spot foreign
exchange. In our model, the forward premium is determined by the
condition that the stock excess demand for forward exchange equals
zero. Although we do not, in this paper, develop a complete gen-
eral equilibrium model of the asset markets, we indicate how the
model of the forward market developed in this chapter can be inte-
grated into such a model.
Another difference from the existing literature is that we
abandon the institutional approach and derive the demand for and
supply of forward exchange contracts and covered assets from a
model of optimal portfolio choice over time. The resulting solu-
tion is then interpreted in terms of covered interest arbitrage
and forward market speculation. We do not have explicit equations
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for the demand for forward exchange by trade hedgers. The reason
is that we treat a receipt of foreign exchange as a discount bond
in the currency in which it is denominated and assume that it is
tradable like all other financial assets.
The analysis of this paper also extends the work of Feldstein
(1968), Leland (1971), and Solnik (1974) by allowing domestic resi-
dents to consume foreign as well as domestic goods. This implies
that even if the domestic currency price of domestic goods is con-
stant, the domestic bond is not a safe asset, as is typically
assumed. The paper also derives an explicit theory of why the
covered interest arbitrage schedule is downward sloping, and is
not infinitely elastic.2 We assume that there is a risk of de-
fault, which implies that covered interest arbitrage is no longer
riskless. This gives us an explicit theory of the departures from
the interest rate parity. It is shown that the forward premium
depends not only on the interest rate differential but also on the
expected change in the exchange rate, the variance of the exchange
rate, the risks of default, and the extent of intervention in the
forward exchange market.
The model developed in this paper has several testable impli-
cations. Those are pointed out in various parts of the paper.
Section II develops the model of forward exchange speculation and
Section III analyzes the determinants of the equilibrium forward
premium. The concluding section discusses the empirical implica-
tions of the analysis and suggests various extensions of the model.
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II. The Determinants of Foreign Exchange Specu-
lation and Covered Interest Arbitrage
a. The Basic Model
In line with the previous contributions we assume that there
are two countries, the United States (U.S.) and the United Kingdom
(U.K.). In addition to the two national monies, there are two
short term securities: the U.S. security denominated in dollars
and the U.K. security denominated in sterling. The analysis may
be easily extended to cover external currency assets, such as the
Eurocurrency deposit and loans, as well as equity claims on real
capital. Investors may also buy and sell the dollar and the pound
forward in the forward exchange market, assumed to be a short term
market. For simplicity, we ignore holdings of money balances (cur-
rency) in the analysis of investor behaviour. Currency transactions
are not important in international arbitrage and foreign exchange
speculation, and in any case the introduction of money holdings
would not substantially affect the analysis.
b. The Behaviour of Prices and the Exchange Rate
As in the previous paper we assume that the exchange rate fol-
lows a continuous time stochastic process of the form:
1. dS -r(Y) dt + C(Y) duS
where S is the dollar price of sterling, Y is a vector of state
variables that comprise all the variables that affect the exchange
rate, and du is Brownian motion. This specification implies that
the exchange rate behaves 'smoothly' -- its sample path is contin-
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uous with probability one. Discrete jumps in the exchange rate
will be considered in Section g below. Equation (1) implies
that the proportionate change in the exchange rate over a short
time interval At is approximately normally distributed with mean
T(Y)At and variance a (Y)At. Furthermore, the unanticipated
changes in the exchange rate are non-serially correlated however
short the time interval. The specification is therefore consis-
tent with the efficient market hypothesis of Fama and Samuelson.3
The exchange rate does not, in general, follow a random walk nor
is that required by the efficient market hypothesis.4 In the
special case when V and 02 are constant, the exchange rate does
follow a random walk and is lognormally distributed.
Because the exchange role moves stochastically, so do the
price deflators of expenditure in the two countries. We assume
that the shares of expenditure on domestic and imported goods are
constant. We also assume that the local currency prices of
American and British goods are constant. (It is sufficient to
assume that their rate of change is fully foreseen.) Therefore,
the price deflators for consumption expenditure in the U.S. and
in the U.K. are given by:
2. CPI PA (P B S) = A PB S
8 1-8 B p-8 S1+3. CPIB = PB (PA /S) = P S
where
CPIA(CPIB ) = consumer price index in the U.S.
PA = dollar price of American goods
PB = sterling price of British goods
a(0) = share of domestic goods in American (British)
consumption
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From equations (1) to (3) we can derive the stochastic behaviour
of price deflators of consumption in the two countries:
4. dCPI 2
= (1l-a) T - 1/2a(1-a)o2 dt + (1-a) aduCPIA
5. dCPI 2
= -(1-8) 7r + 1/2(1-8)(2-)a 1 dt - (l-S)aduCPIB
The only counterintuitive result in these equations is that the
mean rate of inflation depends also on the variance of the exchange
rate. Roughly speaking, this is because the price level is a con-
cave function of the exchange rate, and by Jensen's inequality,
the mean of a concave function is less than the value of the func-
tion at the mean. This point is illustrated by the following
example. Suppose that a is 0.5 and PA and PB are equal to one.
Then CPI A = /T--. Suppose that the current exchange rate is one
and the next period's rate is 1.6 with probability 0.5 and 0.4
with probability 0.5. There is therefore no expected change in
the exchange rate. The expected price level in the next period
is 0.5 /-.6 + 0.5 /.~7 = 3/.~/1 , which is less than one, whence
the expected rate of inflation is negative.
c. Real Returns on Securities
Consider now an investment of BA dollars by an American in-
vestor in U.S. bonds. The real value of this investment is
BA/CPIA, (BA). Over the next instant the real value changes be-
cause of capital gains or losses due to inflation and because of
interest payments on the principal.
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7. dBA B d( 1 )/ + ER dt
A A A AA
where R is the nominal rate of interest in the United States.
Using Ito's Lemma we can rewrite (7) in the form:
dB
8. - [R - (1-a) r + 1/2(1-a) (2-a)a dt - (1-a)adu
A
SrA dt - (1-a)cdu
In the absence of a risk of default the mean real return on U.S.
bonds for an American investor is rA, which is equal to the nomi-
nal rate adjusted for expected inflation due to exchange rate
change, and for the variance of the exchange rate, for reasons
already discussed.
We assume that there is a possibility, however unlikely,
that an investor in American short term bonds will lose everything.
In reality, of course, the risk of default on U.S. treasury bills,
for example, is extremely small, particularly for American invest-
ors. The risk is much greater for foreign investors whose invest-
ments in the U.S. may be frozen for political reasons, or may lose
value because of capital controls.
The risk of default is handled mathematically in the following
way. The occurrence of the event 'default' is assumed to follow a
Poisson process, where the probability of default in the next in-
stant is Xdt, and the probability of the default occurring t units
of time from now is (-e- ). There is a theory of stochastic
differential equations of the Poisson type similar to that of the
Wiener processes.5  The stochastic differential equation correspond-
ing to (6) with the possibility of default is:
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dB
9. -A rAdt - (1-a)du - dqA
where q(t) is a Poisson process. The expected rate of return is
now rA - XA rather than rA, and the instantaneous variance condi-
tional on no default is (1-a)2 as before.
The return dynamics of sterling bonds for an American invest-
or, and of dollar and sterling bonds for a British investor can
be similarly derived. For convenience these are collected in
Table I.
Table I reveals some interesting facts. First, even ignoring
the risks of default, the same asset has completely different risk-
return characteristics for investors in different countries or for
investors with different tastes. Exchange rate changes give rise
to this distortion because they change relative prices. In our
model, the assymmetry disappears only if both a and 8 are equal to
one half, in which case consumption expenditure is divided equally
between domestic and imported commodities by all investors.
The second interesting implication of Table I has to do with
the question whether the forward premium is an unbiased predictor
of the change in the exchange rate. This question was raised by
J. Siegel (1972) who assumed that investors consume only domestic
products, in which case both a and B are equal to one. In that
case a risk-neutral American investor will hold both domestic and
foreign bonds only if R is equal to R* + 7 while a British in-
vestor will hold both securities only if R is equal to R* + v - 02
Siegel (1972) concluded that the forward premium is not an unbiased
predictor of the change in the forward premium, when he should have
Table I
The Real Risks and Returns to Bonds
Return (r)' Risk (v)2
Investor: Investor
Denomination American British American British
Dollar rA A = r B  B = -(1-) -Ba
R (1-a)Tr + R- B a + 1/2B
1/2 (1-a) (2-a) (+8) 2
Sterling
Sterling rA A rB B* = a (1-)o
R* + an = 1/2 (1-a) 2  R* + (1-B)7
- 1/2 1 (1- ) 7T
1 The corresponding scholastic differential equation
can be read from the table according to:
Conditional on no
default.
dA = rdt + rdu 
- dq.
A
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concluded, as was pointed out by Roper (1975), that the question
is meaningless since the expected change in the exchange rate is
different for investors in two different countries (w for an
American and -a2 for a British investor). An implication of this
is that risk neutrality is inconsistent with the existence of
equilibrium unless there are limits on the size of forward mar-
ket positions. In that case, the observed forward premium depends
on the mean rate of change in the exchange rate (ff), its variance
(a 2) and the distribution of wealth amongst investors.
In general, this problem disappears only if R = R* + f - (1-2) 2
R = R* + u -8o 2 hold simultaneously. Apart from the case of zero
variance in the exchange rate this obtains when a + 8 = 1. It is
interesting, although not particularly important, that in this case
the exchange rate satisfies the purchasing power parity, for
CPIA/CPIB = PA PB-a1-a /P- PB S-+ = S2 - d  = S. This condi-
tion is very unlikely to be met in practice since in general the
share of domestic goods in total consumption is much greater than
one-half.
c. Instantaneous Forward Contracts
Consider an investor who buys X pounds forward to be delivered
at time t + At (at a price F(t + At) and immediately sells the re-
ceipt of pounds at a (stochastic) spot price S(t + At). The profit
X[S(t + At) - F(t + At)]
from this operation per unit of time is At
AS F(t + At) - F(t)
or XS F(t + At) - F(t) . Consider the limit of this expres-
sion as the time interval approaches zero. Obviously, F(t) must
JFCt+At) - F(t)]
equal S(t). Therefore, the second term is simply Ft Ft)
" At F (t)
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We shall define the limit of this expression as the instantaneous
forward premium on the pound:
F(t + At) - F(t)10. f = lim F(t) -
to At F(t)
The first term is the stochastic change in the exchange rate over
time interval At. As At approaches zero it converges in probability
to the stochastic process defined by equation (1) above. Therefore,
the change in dollar value of wealth over a brief time interval dt
from the forward market transaction is:
11. dW 1 = XS[T - f] dt + odu
Alternatively, consider an investor who borrows Z dollars and
buys sterling securities in the amount of X pounds, where X = Z/S.
The change in the value of this portfolio per unit of time is:
Z(t + At) X(t + At) XS AZ AS AXXSAtS(t + At) At + ] since the current
AtS(t + At) At AtZ AtS AtX
value is equal to zero. As At approaches zero, the first term in
the brackets in the last expression approaches the force of inter-
est on sterling securities (R*) and the last term the force of
interest on dollar securities (R). The second term approaches the
continuous time stochastic process dS/S as above. Therefore, the
change in the dollar value of wealth from this investment strategy
is given by:
12. dW 2 = XSI(R* + Tfr(Y) - R) dt + a(Y)du]
Both investment strategies require no current resources and
involve identical exchange rate risk. Therefore, assuming that
the exchange rate risk is the only risk in international invest-
ment, the mean rates of return to the two investment strategies
must be equal to avoid arbitrage, whence: 7 - f 
= R* + T - R
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or R - R* = f. This is simply the interest rate parity equation
expressed in terms of instantaneous rates of return. It is evi-
dent from this result that the forward market adds little to the
analysis if the exchange rate risk is the only relevant risk. In
the next sections, we introduce the risk of default which invali-
dates the above arbitrage condition since the simultaneous borrow-
ing and lending in domestic and foreign bond markets involves the
risk of default as well as the risk of exchange rate changes.
Finally, the change in the real value of wealth from a for-
ward position in pounds is given by:
13. dW 1 = (XS/CPIA) [Tr - f - 1/2(1-a) 2 ) dt + adu]
d. Optimal Portfolio Rules and Forward Positions
We assume that each investor maximizes the expected value of
the discounted utility from consumption of domestic and imported
goods over an infinite time horizon. Consider first an American
investor whose current wealth is WA/CPIA (WA) in real terms. He
can allocate this wealth into domestic bonds (BA/CPIA) and foreign
(sterling) bonds (BA*S/CPIA):
W B B*S14. A _ A BA *SW + B + BCPI A CPI CPI A AA A B
Note that because we only consider instantaneous forward con-
tracts the current forward position does not enter the wealth con-
straint. However, if we allowed for long term forward contracts
the current market value of forward contracts maturing some time
in the future would enter the wealth constraint. As was shown in
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the previous section the forward position does affect the change
in wealth.
Once the investor has chosen the stocks of domestic and for-
eign securities and the net forward position, the change in wealth
is stochastic, consisting of four parts: the nominal interest
receipts on domestic and foreign securities, capital gains or
losses due to exchange rate changes and inflation on securities
as well as on the forward position, and capital losses due to de-
fault; less the purchase of domestic and imported consumer goods.
Using Ito's Lemma and the previous results, we obtain:
15. dWA = IBArA + BA*rA* + X(T - f - (l-a)o 2 ] dt - (CAPA
+ CA pA*) dt + I-(1-)BA + aB* + du - BAdgA - BA*dgA
where X is the real value of the forward position in pounds, PA
is the relative price of domestic goods and pA* the relative price
of imported goods; and qA(t) and qA*(t) are the Poisson processes
for the occurrences of default on domestic and foreign securities
respectively.
It is convenient to rewrite (14) in the form:
16. dWa A(bArA + bA*rA* + X [f - f - (l-a) 2]dt
- (CAPA + CBPB) dt + WAI-(l-a) bA + abA* - X] adu
- WA IbAdqA + bA*dq *]
where bA and bA* are the proportions of domestic and foreign secur-
ities in the total portfolio and X is the ratio of the forward
position to the total value of wealth. The portfolio proportions
bA and bA* must satisfy the wealth constraint:
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17. bA + bA* = 1
The investor's objective is to maximize the expected utility
of consumption over an infinite time horizon subject to (16) and
(17). Define J(WA, S, t) as the derived utility function of ini-
tial wealth, the exchange rate, and time -- the only state varia-
bles of the choice problem:
0 0 
-st
18. J(WA, S, t) = Max EtJtU(CA , CA*) e dt (cf. (16) and (17)
In order to be consistent with the previous assumption of constant
expenditure shares we shall assume that the instantaneous felicity
function is of the form:
19. U(CA, CA* )  (C aCBl-ac) , Y 0, 0 < Y < 1;
- olnCn + (l-a)lnCB, y = 0
where 1 - y is the Arrow-Pratt measure of relative risk aversion.
In this paper we consider only the case of Bernoulli utility (y=0O).
The solution to this optimizing problem is found by applying
stochastic dynamic programming as explained by Samuelson (1969)
and in the continuous time case by Merton (1969). Using the method
described by Merton (1971) we get in the end a deterministic equa-
tion of optimality:
20. 0 = Max {U(CA, CB) - PJ* + JW* WA IrAbA + rA*bA*
ICA, CB, bA, bA*, X)
2 -2
+ [7 -f-1/2(l1-a)a ]X} - Jw*(CAPA + CBPA*) + 1/2J WA
[-(l-a)bA A* ab  + X]2 2 + alJ*(bA A , S) - J*(, S)]
XB(J*(bA*WA, S) - J*(WA' S) + 1/2J*S2]o s.t. (17)w A*Ai.
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where J*(W, S) = e-pt J(W, S, t). We are mainly interested in the
optimal portfolio proportions and in the optimal forward position.
e. The Demand for Forward Exchange
After some algebra we obtain the optimal forward position as:
21. X*d (1-a) - b * +- (l-a) aA A 2
hedging demand for speculative
demand for forward ex- demand for
forward ex- change by forward
change covered exchange
interest
arbitrageurs
Equation (21) has considerable intuitive appeal and it is similar
to the traditional specification except for some obvious differences.
The first term is the demand for forward exchange arising from the
hedging of the consumption of imported goods. Even if investors
had infinite risk aversion, or even if the variance of the exchange
rate were infinite the investors would have an open position in
forward exchange as long as they consume imported goods. The sec-
ond term is the demand for forward pounds by covered interest
arbitrageurs, as in the traditional model of the forward exchange
market. The third term represents the speculative demand for for-
ward exchange. It differs from the traditional specification in
that it depends on the difference between the forward premium and
the expected change in the exchange rate adjusted for the variance
term for reasons discussed above. The slope of the speculative
schedule is determined by the variance of the exchange rate -- the
smaller the variance the more sensitive is the speculative demand
for forward exchange to the discrepancy between the forward pre-
mium and the expected change in the exchange rate.
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Inspection of equation (211 shows that in this case of
Bernoulli utility function the result is simplified even further,
for the total demand for forward exchange is independent of con-
sumption preferences, because any change in the hedging demand is
completely offset by an opposite change in the speculative demand
for forward exchange, at given interest rates and exchange rate
expectations. The reason for this is that an increase in the ex-
penditure share of imported goods (l-a), for instance, will reduce
the real return of sterling securities for Americans and thereby
the speculative demand for sterling balances. We may thus rewrite
equation (21) in the simple form:
22. X *d = -b + -
f
A A 2
Assuming that American investors have identical preferences and ex-
change rate expectations the total demand for forward pounds, in
pounds is given by:
d d +r - f A r - f A -X = B* + - = -B * + - + B* ]
23. A A 2 S A 2 S A
d A
where B *d is the demand for sterling securities, and - the ster-
A.ling value of wealth of American investors, consisting of "- in
dollar securities and BA* of sterling securities. It is important
to point out that the demand for forward pounds is a decreasing
function of the spot price of sterling. An increase in the price
of sterling will reduce the sterling value of financial assets and
therefore the demand for sterling assets which is proportional to
wealth.
The supply of forward pounds by British investors -- identi-
cally equal to their demand for forward dollars can be similarly
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derived. Assuming again homogeneous preferences, it is given by:
d - - - f24. X = (1-8) W - B - 2 WB B B 2 B
where WB is the sterling value of financial wealth of British in-
vestors, and B the demand for dollar securities by British in-
vestors. We can simplify this equation into:
d *d 7 - f d T - f B25. XB = B B 2 B (S- + B
where BB*d is the demand for sterling securities by British invest-
ors. The total world demand for forward pounds is the sum of XA
and X d:
d  d - f d u - f B26. X -B* + 2 W =-B* + -- + B*)
a C
f. The Covered Arbitrage Schedule
The remaining step is to derive the holdings of domestic and
foreign securities. The details of the derivation are left out.
After some algebra, we obtain the condition:6
27. A  1 hA 1 R* - R + f1 - b A * bA *A A
where bA* is the proportion of wealth invested in sterling securi-
ties. This equation implicitly defines the covered arbitrage
schedule:
28. B *d = b *(R* - R + f; A  ) - = bA(I, x A WAA A A" XA S A A' XA
where I = R* - R - f is the covered interest differential. Most
empirical and theoretical studies of short term capital movements
have postulated a downward sloping covered arbitrage schedule look-
ing like equation (28) without really justifying its form.
Although (27) cannot be solved in a closed form all of its
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properties can be easily established. The shape of the b( ) func-
tion is shown in Figure I. When the covered interest rate dif-
ferential is equal to zero the ratio of the proportion of domestic
securities (bA) to the proportion of foreign securities (bA*)
equals the ratio of the probabilities of default (AB/ B). The
slope of the covered arbitrage schedule is given by:
29. 1/( +  2
31 (lbA*)2  bA *
At the interest rate parity, the slope is XAXB/(XA + XB) 3  For
small probabilities of default the slope is very high, approaching
infinity as either of AA and XB approach zero. As the covered dif-
ferential increases (or decreases) the slope become increasingly
steep, reflecting the increasing riskiness of a portfolio concen-
trated on a single asset. The premium that investors require to
invest more in a foreign or domestic asset can be interpreted as
a premium for bearing the 'political risk' of default, or as a
premium for the increasing illiquidity of a concentrated portfolio.
Both of these factors provide an economic rationale for the in-
elastic supply of arbitrage funds after a point.
In the case that domestic securities are riskless, investors
in America will never invest abroad unless the foreign interest
rate, covered against exchange rate risk, is greater than the
domestic interest rate. The covered arbitrage schedule in this
case looks like the A2A2 schedule in Figure I.
The demand for sterling securities by British investors can
be derived in the same way:
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Figure I
The Covered Arbitrage Schedule
the covered
interest
differential
the proportion
of British
securities
71,
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30. BB *d = bB*(R* - R + f, B' B*) WB = bB*(I, B B*) WB
In general, we would expect that foreign investments are riskier
than domestic investment, whence XA < XB and AA* > B*. This
type of asymmetry has the effect of reducing the level of inter-
national investment. In the special case when domestic assets
are riskless and foreign assets risky,(both XA and X B* are zero
and XA* and XB are nonzero) there exists no equilibrium in the
international financial markets: the American investors will in-
vest in Britain only if the covered interest rate differential is
negative -- hence no mutually advantageous trade in securities is
possible. This shows that political uncertainties, capital con-
trols and other factors which give rise to asymmetric risks have
a much greater impact on international investment than exchange
rate uncertainty which can be handled by adjustments in relative
yields.
g. Discrete Changes in Parity
In this part we investigate the effects of anticipated deval-
uations or revaluations on forward positions and portfolio choice.
We assume that the percentage of devaluation (revaluation) is
known but its time is uncertain. In particular, the event of
devaluation is assumed to be Poisson distributed. In other
words:
31. prob { devaluation occurs in the interval [t, t + At]] =
PAt + 0(At)
prob { devaluation does not occur in the interval It, t + At]]
=1 - pAt + 0(At)
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prob { devaluation occurs more than once in the time interval
It, t + At]] = 0(At)
where p is the mean number of occurrences of the event of devalu-
ation per unit of time and 0(At) is such that lim O(At)/At = 0.
st -+0
In the event of devaluation, the exchange rate is assumed to
jump by y percent. To simplify the analysis, we assume that
apart from the uncertain time of devaluation, the exchange rate
is deterministic. This enables us to highlight the effects of
speculative attacks that characterized the Bretton Woods system
of 'fixed but adjustable exchange rates.' We also assume for
simplicity and unrealistically, that despite the devaluation
domestic currency prices remains fixed. The stochastic behaviour
of the exchange rate is now given by:
32. ds = Sdz
where z(t) is a Poisson process defined by (31) above.
The main difference from the previous case of smooth changes
in the exchange rate is that forward market speculation now en-
tails the possibility of a large discrete increase in wealth.
The change in wealth from forward market speculation for an
American investor corresponding to equation (11) is:
33. dW1 = -XSf dt + XSdz
where X is the forward position in pounds. The expected change
in the real value of wealth is accordingly:
34. EdW1 = -Xf + X[y a - y+a
where p is the probability of devaluation and (y-l) the percent-
age of change in the parity. If y > 1 the sterling is revalued
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and if y < 1i, it is devalued.
In the case of constant relative risk aversion we obtain, by
using the same method as before, the optimal forward position as:
d 1 1 (d -l+a -i---34. xd  b * + k() (yd Y ) Y
y - 1 Afl  - Y
where k is a parameter that depends on all the structural para-
meters.
Two special cases are of particular interest. First, in the
case of infinite risk aversion the investor will still hold an
open spot and forward position in foreign currency, in proportion
(1 - y-l+ )/(y -l+) of total wealth. It is straightforward
to show that the real value of this portfolio is unaffected by
devaluation.
We shall examine the case of Bernoulli utility function in
greater detail. In that case, equation (34) simplifies to:
35. xd = -b * + P(y-l) - fA f(y-l)
The second term can be thought of as the supply of forward pounds
by speculators.
The speculative function is illustrated by the SS and S'S'
schedules in Figure II. In the first case a revaluation of the
pound of (yl-l) percent is expected with probability p. If the
cost of forward cover equals the expected profit from revaluation,
the speculative supply equals zero. Since the demand for forward
pounds by covered interest arbitrageurs is almost certain to be
positive, we can conclude that in the absence of forward market
intervention the forward premium is less than the expected change
in the parity. The S'S' schedule illustrates the supply of
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pounds when a devaluation of y2 percent is expected with the prob-
ability p. Again, the equilibrium forward discount must be less
than the expected devaluation in order that speculators hold a
positive forward position in sterling.
Another interesting property of the speculative schedule is
that even if the forward premium (or discount) becomes infinitely
large, the speculators will not hold an infinite position in for-
ward pounds. In the case of expected revaluation, their holdinas
of forward sterling are bounded below by minus 1/(yl-l) and, in
the case of expected devaluation, above by l/(l-y 2).
The covered arbitrage schedule is the same as in the previous
section. The demand for forward exchange and securities by
British investors can be derived in the same way. In the case of
Bernoulli utility function and identical expectations, these
demand functions are the same as above.
III. The Determinants of the Forward Premium
In this section we shall investigate the determinants of the
forward premium assuming that the rates of interest in the U.S.
and the U.K. are pegged by monetary policy. We shall consider
the case of symmetric risks, which implies, as we have seen, that
the demand for forward exchange and for dollar and sterling secur-
ities is independent of the distribution of wealth between the two
countries.
a. Flexible Exchange Rates
The forward market equilibrium condition requires that the
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supply of forward exchange by speculators and by the Central
Bank(s) forward market intervention equals the demand for for-
ward exchange by covered interest arbitrageurs:
31. - f d
31. 2 q = b* (R* - R + f, 1, \*)
where q is the supply of forward exchange by Central Banks in pro-
portion to world wealth. Equation (31) shows that when the covered
interest arbitrage schedule is not infinitely elastic the forward
premium is not determined by the interest rate parity alone, but
depends also on exchange rate expectations (i), exchange rate risk
(02), and the amount of intervention in the forward market by the
Central Banks (q). In the more general case, the forward premium
also depends on the distribution of wealth between countries.
The determination of the forward premium is illustrated in
Figure III. The AA schedule is the same as in Figure I. An in-
crease in the forward premium makes covered holdings of sterling
assets more attractive although the marginal gain becomes smaller
and smaller as the proportion of wealth invested in Britian in-
creases. The speculative supply of forward exchange is a decreas-
ing function of the forward premium as is illustrated by the down-
ward sloping SS schedule in Figure I. When the forward premium
equals m, the expected rate of change in the dollar price of
sterling, the speculative supply of sterling is equal to zero.
On the other hand, when f equals -a 2, the expected change in the
sterling price of dollar, the speculative supply of forward ex-
change in proportion to wealth is equal to one. Therefore, in
the absence of forward market intervention the forward premium
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is bounded above by the dollar parity (11) and below by the sterZ-
ing parity (-a 2). The margin of error made by assuming that the
forward premium is determined by exchange rate expectations along
(r) is thus at most equal to the variance of the exchange rate.
The SS schedule shifts as a result of changes in exchange
rate expectatations (f), exchange risk (a 2) and forward inter-
vention (q). The AA schedule shifts as a result of changes in
political and other such risks (X, X*), and changes in the in-
terest rate differential. An increase in the expected rate of
appreciation of sterling will shift the SS schedule upwards by
the same amount, as shown by schedule S'S' in Figure III. The
magnitude of the increase in the forward premium depends on the
slope of the covered arbitrage schedule at the initial point P.
In the figure, the share of sterling assets of total wealth is
already so large that there is only a small increase in the
demand for sterling balances -- the forward premium will adjust
almost completely to the change in exchange rate expectations.
The effect of forward market intervention on the forward
premium can be analyzed in exactly the same way. An increase in
the support of the dollar in the forward market will shift the
SS schedule to the left (to schedule S"S" in Figure III). In
the figure, the covered arbitrage schedule is elastic to the left
at the initial point P. Therefore, forward market intervention
is quite successful in reducing the desired holdings of sterling
assets and increasing the desired holdings of dollar assets.
Only a small adjustment in the forward premium is required.
An increase in the variance of the exchange rate will rotate
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the SS schedule downwards at the dollar parity Csee Figure III)
and thus reduce the forward premium and the desired holdings of
sterling balances. An increase in the sterling rate of interest
will shift the AA schedule downwards by the same amount (to A'A'
in Figure III). When the speculative schedule is quite elastic,
there will be only a small offsetting decline in the forward premi-
um as is illustrated by points P and Q in Figure III. On the
other hand, when the speculative schedule is steep, there will be
an almost completely offsetting reduction in the forward premium
(cf. points P1 and 01 in Figure III).
The effect of an increase in the risk of covered investments
in Britain is to shift the covered arbitrage schedule to the left
and make it less elastic.
In conclusion, the forward premium is a nonlinear function
of the interest rate differential (R* - R), the expected change
in the exchange rate (), the variance of the exchange rate (02)
the amount of intervention in the forward market (q), and the
parameters of political risk:
37. f = f(R* - R, , 2 , q, X, *)
(-) (+) (-) ((+)-)
where the f function is implicitly defined by:
38. R* - R + f38. - f i - f
a2  + q  2 q
Equation (32) is a generalization of the interest rate parity
equation to which it collapses when the political or other risks
of covered arbitrage are absent (U and X* are zero).
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By expanding the left hand side of equation (33) around the
2 -
mean (X, X, r, f, a , q) and solving the resulting linear equation
for f we obtain:
39. f = ao + al(R- R*) + a27 + a3 2 + a 4 q + a5A + a 6 *
where the coefficients (ai ) are functions of the parameters and a
are evaluated at the mean. This linear approximation resembles
the equations that have been used by various authors to test the
'modern theory' of the forward market. If the theory developed
in this paper is correct such linear approximation is likely to
be satisfactory only if there is very little movement in the
right hand side variables around their sample means.
b. Expected Devaluation and the Forward Premium
Under the Bretton Woods system of fixed but adjustable ex-
change rates (fixed within a narrow band) the major source of
exchange rate uncertainty was the possibility of parity changes.
We have already indicated that the forward premium is not an
unbiased predictor of the expected rate of devaluation. The
determinants of the discrepancy are analyzed in this section.
The equilibrium condition for the forward market is now:
40. S(f, p, y) + q = b*d(R* - R - f, X, X*)
where S = - 1 and l-y is the expected rate of devaluation
of the sterling parity. Using this equilibrium condition, we can
obtain a rough estimate of the bias of the forward premium as the
predictor of devaluation. Let y be the supply of sterling securi-
ties less the supply of forward exchange by the Central Bank in
proportion to total wealth. Then the forward premium is given
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by: f = (l-y)/(l+r(l-y)). The bias is the greater the greater
is the stock of sterling securities in relation to total wealth.
IV. Concluding Remarks
The results of this paper have several interesting implica-
tions for empirical analysis.
(i) The forward premium is, in general, a function of the
interest rate parity and the expected change in the exchange
rate, as well as foreign exchange risk and risks of default on
domestic and foreign securities. This relationship is highly
nonlinear whence linear approximations are likely to be good only
if there is little variation in the explanatory variables. The
nonlinearity is due to the fact that the covered arbitrage sche-
dule is very elastic in the 'normal' range of asset holdings but
becomes increasingly inelastic as portfolios become concentrated
in any particular security.
(ii) Whether under flexible exchange rates or under fixed
exchange rates with an expected parity change the forward premium
is not an unbiased predictor of the expected change in the ex-
change rate. This is not true even if investors are risk neutral
as long as the exchange rate affects relative prices and consump-
tion patterns differ between countries. In fact, risk neutrality
in the absence of restrictions on forward positions is inconsis-
tent with the existence of equilibrium.
(iii) Under flexible exchange rates the forward premium can
differ from the expected change in the exchange rate (both mea-
sured in terms of the same currency), in the context of our model,
188
at most by the variance of the exchange rate. This means that
large exogeneous changes in the interest rate differential do not
cause an equally large offsetting change in the forward premium
unless they affect the expected change in the exchange rate.
This implies that independent interest rate policy will have a
large effect on the spot exchange rate by causing large changes
in desired portfolios.
(iv) The effect of forward market intervention on the for-
ward premium depends on the slopes of the speculative and covered
arbitrage schedules. If the variance of the exchange rate is
small, forward market intervention will have little effect on
the forward premium and hence on asset demands. If the covered
arbitrage schedule is very steep, ceteris paribus, the change in
the forward premium induced by forward market intervention will
have little effect on asset demands.
(v) One should be careful not to make the mistake, which is
often made, of concluding that if the covered interest differential
is always zero, no changes in asset positions can take place.
When there are no risks to covered interest arbitrage, the for-
ward premium is identically equal to the interest rate differen-
tial except for small discrepancies due to transaction costs.
But in this extreme case, the demand for domestic and foreign
assets can no longer be expressed as a function of the covered
interest differential as can be easily established from the model
developed in this paper. Instead, the asset demands become
functions of the difference between the interest rate differen-
tial and the expected change in the exchange rate. The interest
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sensitivity of asset demands depends now solely on the variance
of the exchange rate (as well as the degree of risk aversion).
An increase in the domestic interest rate can have large effects
as asset demands and hence on the exchange rate without any
observed change in the forward premium.
(vi) Finally, the forward market model developed in this
paper could be easily integrated into a general equilibrium
model of asset markets. The link between these markets and the
forward market would be provided by covered interest arbitrageurs.
Since the spot exchange rate is determined in the asset markets,
that is how the spot rate and the forward premium would be jointly
determined in our model.
On the theoretical side, the treatment of long term forward
contracts, the problem of the link of the term structures of
interest rates, and the hedging of uncertain income and payment
streams are both very difficult and fruitful problems for further
study.
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Footnotes for Chapter V
1 See also Sohmen (1968). The most recent contributions, and
most relevant for the purposes of this paper, are Feldstein
(1968) and Leland (1971). Feldstein provides an extensive
bibliography of the earlier literature. The literature tends
to be very institutional in its approach. Stein's (1962) model
of the forward market analyzes carefully the behaviour of the
various participants in the forward exchange market. The most
recent empirical studies on the forward exchange market are
those of Argy and Hodjera (1973), and Frenkel and Levich (1975).
An excellent survey of the theoretical and empirical work in
this area is provided by Hodjera (1973).
For a critical survey of the various explanations of the down-
ward sloping covered arbitrage schedule, see Officer and Willet
(1970). See, too, Aliber (1973) who explains the departure
from interest rate parity in terms of 'political risk'. Aliber's
political risk can probably be formalized very similarly to the
risk of default. Tsiang (1958) explained the downward sloping
covered arbitrage schedule in terms of increasing illiquidity
of concentrated portfolios. Stoll (1968) argues that the risk
of default is the only reason for the downward sloping covered
arbitrage schedule.
3 See Fama (1970) and Samuelson (1973).
4 See Samuelson (1973).
s See Merton (1971), Section 8.
6 The way to obtain this equation is to guess that the derived
utility function is of the form A + B InW, substitute that in
the equation of optimality and optimize the resulting expres-
sion with respect to bA* in the ordinary way.
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